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Abstract 


This thesis deals with three subjects: the cyclo- 
functionalization of olefinic urethanes; the reactions 
of vinylsilanes with selenium ellectropnities: and the 
reaction of cuprates with a,f-unsaturated aldehydes. 

In the first part, an efficient and versatile 
synthesis of nitrogen heterocycles is described. 
Aliphatic and aromatic urethanes containing suitably 
positioned double bonds can be cyclized in good yields 
using benzeneselenenyl chloride in the presence of 
Silica gel. The regio- and stereochemical implications 
of the reaction are also discussed. 

In the second part, a functionalized vinylsilane 
is examined as a Substrate for a selenium-induced ring 
closure, in an attempt to direct the regiochemistry of 
the cyclization process. It is found that the presence 
of a trimethylsilyl group on the double bond retards the 
ring-forming process in a significant way. 

In the final part, the first efficient procedure 
for conjugate methylation of a,f-unsaturated aldehydes 
is described. It is shown that the species Me,Cu3Li, in 
ether or ether-pentane is a useful reagent for such a 
transformation, the proportions of 1,2-addition product 
being usually negligible in unhindered systems, contrary 


to the results observed with lithium dimethyl cuprate. 
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Other cuprates which can deliver a methyl group to enals 


in a conjugate fashion are also examined. 
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PART 1: CYCLOFUNCTIONALIZATION OF OLEFINIC URETHANES 
INTRODUCTION 


Nitrogen heterocycles are widespread in nature? 
and consequently synthetic methods for their 
synthesis are important. One approach to these 
systems involves,as a key step, formation of a carbon- 


nitrogen bond with concomitant ring closure, as in Eq. (1). 


‘hie, ami Be nrarse (1) 


N 
ra A, 1 


Eq. (1) shows only one of the two conceivable products, 

the other one having the larger ring size, and the 
regioselectivity in these processes will generally depend 
on the electrophile used, the substituents on the nitrogen, 
the length of the carbon chain connecting the two 
eychizing Seen and possibly other factors such as 
solvent, temperature or particular features of the 
molecule being cyclized. Halogens have been known as 
effective reagents in this respect for almost a century ° 
and have been employed often in the synthesis of complex 


molecules, as for example in the reaction shown in eq. (2) .2P 
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Another reagent that has been investigated thoroughly as 


a cyclizing agent for unsaturated amines is mercuric 


1 OMse tl CC sma (3) e] 0 
NaBH 
| | Hate, aes wan coe WN? (3) 
HN ) (45% overall) R 
| HgCl 
7 : 3 


The intermediate organomercury compounds are uSually very 
labile“? and are reduced in situ with sodium boro- 
cece A limitation to this methodology is that 
usually both possible ring sizes are obtained, owing to 
fast rearrangement during the Sschacttiant. A recently 


: 7 
described methodology using palladium electrophiles 


provides a route to indoles: 


PdCl,-MeCN \ 


NH Et,N 


(863%) 


r——=— 


(4) 


Selenium electrophiles, especially the commercially 
available benzeneselenenyl chloride® have been used to 
effect a number of cyclizations ” in excellent yields, 


as shown in eq. (5)-(7). 
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With the aim of extending this methodology to the realm 
of unsaturated amines, it had been discovered in this 
Paperatory=— that amines have to be masked in order to 
observe ring closure, and that the urethane Lunetionagicy 
is well suited in this respect. Four representative 
amines had been cyclized in fair yields, simply by adding 
benzeneselenenyl chloride to a dichloromethane solution 
of the amine, containing in some cases one equivalent 

of silver trifluoroacetate (see Table 1). The yields 
were not excellent, but several features seemed encouraging 
about this reaction: contrary to the mercuric ion- 
promoted reaction, only one ring size was observed 

here, namely the one resulting from an exo” process. 
The selenium-containing products were quite stable (in 
fact, they could be distilled under reduced pressure) 

and were Cleanly reduced to the parent hydrocarbons using 
triphenyltin yheeetaye” in such a way.as toy confimmethe 
assigned structures and at the same time making the 
synthetic method more complete and useful. The interest 
toward the above scheme is increased by the considerable 
number of synthetic transformations that can be carried out 
on the phenylseleno group (for this reason the cycliza- 
tion process has been named pyc lorince onetime ) 
among them, most notably, selenoxide FracnemEae lone 


(to yield olefins) is a powerful and widely used synthetic 
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Table 1. CYCLOFUNCTIONALIZATION OF OLEFINIC URETHANES IN 


THE ABSENCE OF SILICA GEL. 


SePh 
“op SY PhSecl N 


CO, Et CO, Et 
(1) (la) 
SePh 
A 
: 733 
PhSeCl 
NH N 
CO, Et CO,Et 
(2) (2a) 
AgOCOCF 593 
ca 
PhSecl 
NH 
CO,Et 
(3) 
AgOCOCF SePh 
a 
Masri PhSeCl N. 
CO, Et 
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method; 1° alkyl phenyl selenides can be deprotonated 
and alkylated with some difficulty! and, more 
importantly, selenoxides, formed in situ, can be cleanly 
deprotonated and “treated with, eclectrophiles, to provide 
versatile routes to allylic alcohol and Sees 
the phenylseleno group can be converted into other 
functional groups, such as halides. ae or be replaced 

by an alkyl group?’ uSing Grignard reagents. Consequent- 
ly, it appeared desirable to study the reaction in 

further detail with the aim of increasing the yields to 

a preparatively useful level and of confirming the 


postulated "anti" stereochemistry of addition at the 


double bond. 


é caigoies veto aay ] 


T a 


an ere 0) a 


te Lovet ok ae of ac suo 
ve > a 
1evneg sd Mas quoxp bat s 


20%2 f art @np nove , etetsiee <>) _s 


DISCUSSION 
(AleeeAvailability of the olefinic,urethanes. 


The olefinic urethanes required for this study 


were prepared from the parent primary amines by the 


standard Schotten-Baumann=® method: 
O 
NaOH, H,0 || 
RNH, Sana REE EERE EEEEEEEREEEEEREREEE A R-NHC-OCH.CH, 
C1COOCH.CH, 


The yields for each compound are indicated in Table 2 (p. 14). 


They refer to the acylation step, except for the 


preparatyvonmot) (4) ~i(S>)sy (6)iandse(7 )°rin-twhich cthe 


(8) 


urethanes were obtained directly, without the isolation 


of the parent amine. In this case the yields refer to 
the final step of the preparation. Aliphatic amines 
can usually be obtained in good yields using the 
classical Gabriel synthesis, ands ( L)Mwasmprepaneduin 
this way, using the published procedures) 

Another convenient route to 6,¢€-unsaturated amines 
is via the parent amides, easily obtainable from y,6- 
unsaturated carboxylic acid, in turn readily available 


by malonic ester synthesis; ~~ (5) and (6) were made by 


this route, e.g. 
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2) NH 2 2 CICO,Et 
= (432) (10) (878) 
(9) 
iH 
(5) CO,Et 


Urethane (7) was easily prepared in two steps, namely 
aukylation Of a carboxylic acid dianion? followed by 
Curtius rearrangement;~> for this rearrangement refined 
experimental procedures have been published recently;*" 
we have chosen to employ classical conditions owing to 
considerations of reagent availability. In spite of the 


low yield, (7) could be obtained in multigram quantities 


without problems. 


(11) PR: 
(963) 
COOH (10) 
PPP RIE 
(12) 

1) SOCI, 

2) NaN, 
SO 

3) 90°C 

4) EtOH o 
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For the preparation of unsaturated anilines, a convenient 
method has become available recently, using t-allyl 
nickel methodology. *> Bochra(3 )* and "(8)" (See abtew2 7p. 14) 


were made by this route, e.g. 


Br 
fi (ON ts 
\ Ni Ni —— | 
Br N Nae y 


NH 


Compound (4) was also made via this route, but it was 
found convenient, in order to obtain multigram quantities 


of the compound, to devise a new synthesis of the material 


according to a more classical scheme, as shown in eq. (12). 
ZA 
1) n-BuLi pag ene i SOCI5 
sak at at —_—___—_>» 
2) co 2) NH OH 
ad ) C0, COOH 5 
3) H30 + 
(60%) 
(883) (U3) 
(12) 
ZA 
Zo 1) LAH eel wee 
_—______> 
NHCO.Et 
CONH, 2) cico,Ft 2 


(14) (778) (4) 
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Finally, (2) was made according to a published procedure, 7© 


involving nitration of allylbenzene, separation of the 
isomers (ortho- and para-allyl nitrobenzene) by spinning- 
band distillation, followed by reduction. Other avail- 
able methodologies, such as the ones based on the amino- 
Claisen me eo RGeTene aie seem to be somewhat limited, ’ 
due to the rather severe acidic conditions that are 
necessary to promote the allylic shift. It is clear 

that an adequate array of synthetic routes exists for the 
preparation of unsaturated amines, and especially the 
new, versatile t-allyl nickel methodology adds potential 
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When we repeated the original cyclization 


: 10 
experiments 


onmurethanee(l) ;mingsearch OL possabie 

Side products, we failed to isolate materials other than 
(la) and, by column chromatography, fractions that were 
Mixbuneseotn (1); andm(lajrilyltaseemed’thatethe reaction 
did not go to completion, in spite of the observation 

that the red-brown color of benzeneselenenyl chloride 

was discharged instantly at -75°C, indicating that some 
reaction was taking place. A TLC taken after a few minutes 


at room temperature showed a spot due to (la) anda 


considerable streaking that suggested the presence of some 
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unstable species. We then decided to carry out the reaction 
ina 1 -NMR probe, using dry cbcl, as a solvent, confident 
that chloroform and dichloromethane are similar enough 
to allow us to extend our observations to the prepara- 
tive runs. 

When PhSeCl was added to the starting urethane (;) 
at -50°, the signals due to the olefinic protons rapidly 
disappeared, and also the higher field range (6 2.0-4.0) 
changed drastically, with the appearance of new signals: 
the spectrum slowly changed further with temperature 
increase (up to room temperature), but none of the 
DEOGUCce (la) was observed even after several hours at 
room temperature. Column chromatography at this stage 
did provide, however, (la) in modest yield. Even though 
the NMR spectra were too complex to be amenable to any 
detailed interpretation, one important conclusion could 
be drawn from the study: there is an initial reaction 
of benzeneselenenyl chloride with the substrate, but 
the product is formed only later. Furthermore, the 
silica gel used in the column appears to accelerate the 
decomposition of the initial adduct(s), to give both 
starting material and cyclized products. Our interpreta- 
tion is shown below. 78 


We then decided to carry out the reaction in the 


presence of silica gel. Due to the variable composition 
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of these gels 77 


content, *?P it was difficult at this stage to make a 


and the uncertainty about their water 


choice of particle size and drying procedure, and to 
predict whether or not the adsorbant would react with 
(and destroy) our selenium reagent. We arbitrarily 
decided to use silica gel for PLC (Merck) that had been 
subjected to an overnight drying period at 130°C. 

In our first run we added the silica gel to the 
preformed urethane-benzeneselenenyl chloride adduct at 


room temperature, but later we found no difference if the 


a hie 


tS» uf 


» Site 


fosdsoe.4 val ton 3G 34 
jnapent missiles wo (yosge 


ul si - 
23 DSRS 

7 é 

is, 


ow 
_ 


ri mi ae v 
‘eda (tote) NIT cot fey aotiia oer 


te bette potynt sigiawsero ag OF bs: 
sstiie odd bebba ‘Se abe 30227 200 
7 an : 


ag Ieee 
= ae} 
s 


joldo ipransienansgned-daer 


cy Use 


ali ta 


gS 
« a - 
Zs e 


1S 


Silica gel was present from the beginning, and we then 
used this simpler procedure. Under the influence of 
Silica gel, the reaction was over after 1.5 h at room 
temperature, as evidenced by TLC, which showed a single 
spot (apart from some diphenyl diselenide) and no streak- 
ing, as well as from an NMR spectrum of a portion with- 
drawn and evaporated prior to chromatography. The 
urethane (la) was obtained analytically pure in 932% 
yield. After this successful attempt, we tried to extend 
the above observations to urethanes C2) (AE, hoping that 
the yields would be as good in these cases. Periodical 
TLC examination of the reaction mixtures showed that 
cyclization of the aniline derivatives was somewhat 
Slower than in the case of (1), and we increased reaction 
times routinely to 16-24 h. The yields of analytically 
pure, cyclized urethanes, as shown in Table 2, were 
consistently better than 80% and, judging by the TLC of 
the crude mixture, the reactions were extremely clean. 
We also investigated another adsorbant, namely alumina 
(which had been pre-dried in the same way), and the 
Vield, finathe: case, of (2)% was equally good. 

Products (la) - (4a) had already been characterized 


10 The stereochemistry of 


by tin-hydride reduction. 
(3a) was tentative, assigned on the basis of a supposed 
anti mode of addition. As additional confirmation of 


the five-membered ring nature of (la), we carried out a 
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Table 2. CYCLOFUNCTIONALIZATION OF OLEFINIC URETHANES IN 


THE PRESENCE OF SILICA GEL? 


Reaction 


: b 
h 
Urethane (Yietd*) Product Time (h) 


Yield 


(1) ae (1a) Ne nae 93% 


WH 5 
bo, Et ( 8 9 i ) co,et 
(2) Ata (2a) 24 85% 
Los 
(3) ae Che, Bsa) 24 822 
NH 
i 
ZA 
(4) ne _ (4a) 16 878 
eat 2) 
8) arate HEN 16 948 
wH (877) 
CO,Et 
(7) eae GED . 40 84% 
.c \ 11423 ! C493 
Co,£ Co,Ft 
o\& SePh 


(8a) f 
= CO,Ft 
(8) oe 70 76% 
; rr? OG 
Co, £t 
(8b) N 


CO, Ft 


*Vields refer to isolated material. othe urethanes were prepared in the 
yield shown from the corresponding amines, except where noted. CYield 
refers to the reduction-acylation of 2-allyl benzamide. dyield refers to 
the reduction-acylation of (2-cyclopentenyl)acetamide. "Yield refers to 
the Curtius rearrangement of 2-undecylhept-6-enoic acid. The products 
were formed in a ratio of ca. 1:1 (NMR). In this run propylene oxide was 
used as an acid trap. 
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preparation of this material via another route, using 
the general method of conversion of primary alcohols 


; : 30 
into alkylarylselenides. This authentic material was 


See PhSeCN CINE. 
N es N (14) 


Bu,P 
CO5Et (20%) CO5Et 
(15) (1a) 
Fdentseal 4 TR, NMR, TLC) ‘to our synthetic (lay eee In 


order to confirm the postulated stereochemistry of ring 
closure, we chose to study the octahydro cyclopenta [b] 
pyrrole system, which, due to its rigidity, should be 
well suited to a coupling constant study in the 1u-NMR. 
For the purpose of simplifying the NMR spectrum, 


we carried out our studies on the 1,1l-dideutero analogue 


of (5), namely (6), which was obtained by lithium 


aluminum deuteride reduction of amide (10). The cis ring 
H 
’ 
_D PhSeC!l_ | 
D cron 

HN D 

| (15) 

COEt a ee Se Hp 8 Et 

Ph 
(6) (16) Or (17) 


junction had already been established by converting the 
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H 2) Ph3SnH N (16) 
] 
coj,et =: (88%) HM COQEt 
(5) (18) 
mangeclosure produet of (5), (Sa) into (18).) This %was 


then shown to be identical to an authentic sample prepared 
from the known cis-octahydrocyclopenta[b]pyrrole. 

ins (l7) the coupling “constant between Hy and Ho is 
expected to be 7-8 Hz by inspection of Dreiding models, 
white! in the case of (16) such coupling should be much 
smal ber s(Ca../ 1.5 Hz).°* ihe eseruccure sly) mwas ruled 


out by the observation that in the ring-closure product 


from (6), Hy showed a doublet (Job = 7 Hz) with a width at 
half-height of 4 Hz, indicating a <4 8z,) thus 
confirming the structure shown for (5a). This establishes 


as anti the mode of addition across the double bond in 
this particular ring-closure process, and we are confident 
that this conclusion is general for reactions employing 
our experimental conditions. 

The experiments on (7) illustrate a further stereo- 


chemical feature of our reaction. 
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In this case, where the urethane bears an asymmetric center 
a to the nitrogen, the newly created asymmetric center 

in (7a) is formed with complete Cis Stereoselectivicy, 

as shown by tin hydride reduction (96% yield) and hydro- 
lytic deprotection (93.4%) to the known 232 amine (Woes 


which is the C-2 epimer of a natural substance, 


solenopsin, (20), isolated from the venom of the 
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African fire ant solenopsis saevissima. 222 
This result is in contrast with the mercuric-ion 


promoted ring-closure, which was used in a recent synthesis 


of solenopsin, 24 as shown in eq. (18). 
1)Hg** 
CoH eee 
1 
“ah wie 2)NaBHg a 
2 N 
C44H 
l 1193 
(22) a (18) 
(19) 413% 
ke + S.M 
N ~C,4H 
| 1123 31% 
H 
(20) LLY 


Thus, Our reaction is more stereoselective, at least in 
this particular system,>> than the one using mercuric 
salts, and we rationalize the result by postulating 
that in the trans?tion state the alkyl group prefers to 
occupy an equatorial position, as in (21). It is however, 
possible, in principle, to obtain a mixture of cis and 
trans 2,6-dialkylpiperidines by base-catalyzed equilibration 
of the parent nitrosamine, followed by removal of the 
nitroso group.?° 

the reaction of (8) with benzeneselenenyl chloride 


was far more complex than the other cases: after some 


experimentation, we found that good yields in the 
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cyclization could be obtained by adding an acid scavenger 


such as propylene oxide to the reaction mixture. Although 


the hydrogen chloride formed as a side product during 
cyclization was not harmful, at least in the presence 
of silica gel, in the cases ely Fem Wd by it clearly caused 


some problems in the case of (8). Among the many side 


HAS 


products, only one could be isolated pure. It was identified 


as (23) (14% yield). When the acid trap was used, 


Cl 
- SePh SePh 
| 


CO,Et CO,Et CO, Et 
(23) (8a) (8b) 


however, the reaction was rather clean, no (23) was 
detected, and two cyclized products, (8a) and (8b), were 
isolated in good yield. Although they could not be 
separated by chromatography, their tihn-hydride reduction 


products, (24) and (25) were separable (VPC, APIEZON 


column) and their characterization confirmed the structures 
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assigned to (8a) and (8b). As this was the only case 

in which we observed two competitive processes of ring- 
closure (5-exo,and 6-endo) ,~ we were-led to investigate 
the reaction further, with the aim of discovering whether 
the product distribution was of kinetic origin or 

whether some equilibration process was involved. A 
Similar study on pen ieelenolactonizstiona carried 

out in our laboratory had already shown examples in 

which the kinetically favored 6-endo closure is followed 
by rearrangement to the more stable 5-membered ring lactone. 
We wondered whether a similar phenomenon was occurring 

in this case, although it has been Shona that the rate 


of equilibration of olefin-—PhSex adducts (X = halide, 


acetate) depends [eq. (19)] on the tendency of X to 


SePh Ph X 
Set X7 
oo aoe SIE he) 
~R 


R R 


Kinetic Thermodynamic 


function as a leaving group, and in the present case 


(X = RNCOOCH.CH such a possibility seems quite unfavor- 


3) 
able. Our first approach was to carry out an NMR study: 
When the reaction was performed in dry CDCl. at -50°C 


in an NMR probe, we observed immediate reaction of 
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Ph Se Cl 
PhSeCl 
eine EGO mmeay ee COFt (8a) (20) 
fy. fast NH SePh 
COsEt hos Vereen 
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(8) (26) N 
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CO,Et (8b) 


benzeneselenenyl chloride with the double bond of (8) 
[as in the NMR study with (1)]. 

In this particular case the NMR spectrum could be 
interpreted and the signals were consistent with the 
preceuce,of onlysone, species ‘at,-50°C.afteraca. leh, 
namely (26). The proton a to the selenium atom showed 
a clean doublet at 6 3.65 with J = 15 Hz (coupling with 
the other proton, on the basis of the width at half- 
height is < 2 Hz), while the benzylic protons gave, 
respectively, a doublet at 6 3.19 (geminal coupling, 

12 Hz) and a doublet of doublets at 6 2.81 (J, = 15 Hz, 
J5 = 12 Hz). The rest of the spectrum was consistent 
with the assignment. No change occurred when the 
temperature was raised to 25°C and kept at this value 

for 2h, Afitersca’.»3—eh-some.other Signals became evident, 
especially the ones due to (8a). After ca. 15 h the 


mixture seemed to consist of a 7:3 mixture of (26) and 


(8a), but by then both the quality of the spectrum (due 
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to particle formation) and the composition of the mixture 
deteriorated (i.e., side products were observed). However, 
(8b) was not detected. The reaction seemed to have 
stopped and, after a total of 106 h at room temperature, 
at least 50% of the material still remained uncyclized 
(NMR observation after filtration of the mixture and 
evaporation). Compound (8a) was still the predominant 
product, and (8b) was detectable in small amounts. Thus 
the reaction could not be followed to completion, but 
it appeared obvious that the initial rate of formation 
Orca )mwas higher then that of (8b), and consequently 
we were led to believe that (8a) is the kinetic product, 
ancdescne sl: lamixtune. finally obtained in preparative 
runs arises from a silica gel-catalyzed equilibration. 
This seemed to be confirmed by some equilibration 
experiments in which crude samples of (8a) were isolated 
and shown to produce variable amounts (never above 302 
of the total cyclized material) of (8b) upon stirring 
over silica gel in dichloromethane or chloroform. The 
above samples were, however, very crude, and it was 
possible that some other species rearranged to (Bb) yo! 
and so we sought a clear proof for the postulated 
equilibration. 

When the reactioniwac Carried, outy at: -/5°C for 1—2 
h, the mixture briefly taken to room temperature and 


chromatographed, mixtures of (8a) and (8b) in which (8a) 
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predominated could be obtained in variable yields, 


depending on the chromatographic details>® 


(elution 
time, column size, adsorbant, eluant). 

Since we know from the NMR study (if extrapolation 
of the data in chloroform can be made to the runs in 
dichloromethane), that soon after mixing only (26), the 
benzeneselenenyl chloride-urethane adduct, is present 
in solution, it follows that when (26) is applied onto 
Silica gel in dichloromethane, the adduct decomposes to 
produce preferentially (8a), smaller amounts of (8b), 
traces of starting urethane, and a few other minor 
pProaguctss™ Typically,.tav60% yreld of «(8a)i— (8b) 
mixture is obtained. When, however, a mixture of heptane 
and ethyl acetate is used as a solvent for the chromato- 
graphy (flash>? technique was used), the main decomposi- 
tion pathway is toward starting material, diphenyl 


diselenide, and a new product, in ca. 50% yield, identified 


as the "PhSeOH" adduct (27) on the basis of its NMR and 


PhSe OH 


mass spectra. 
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If the reaction is allowed to proceed overnight 
(i1.e., ca. 30% of the five-membered ring product is 
allowed to form) and the mixture then applied to the column, 
both dichloromethane and ethyl acetate—heptane solvent 
systems give appreciable yields (50-60%) of mixtures of 
(8a) and (8b), in which (8a) predominates. However, (8b) is 
present in substantial proportion (typically 30%). We 
briefly investigated alumina as a catalyst, but after 
routine overnight stirring we isolated only starting 
urethane (8) and observed by TLC much diphenyl diselenide. 
Evidently, alumina favors decomposition of adduct (26) 
to (8) and benzeneselenenyl chloride, which is slowly 
destroyed due to the protic nature of the surface (or 
by effect of the adsorbed water). In fact, chromato- 
graphy of reaction mixtures (briefly run in the absence 
of a solid catalyst) on alumina gave mainly unreacted 


_38 Finally. when. a) .pure..(TLC,.. NMR) 432.1 mixture, of 


(8) 
(8a) and (8b) was stirred at room temperature in 
dichloromethane in the presence of silica gel (conditions 
similar to our preparative run, see experimental) no 
rearrangement to the supposed 1:1 thermodynamic mixture 
was observed. The initial composition was instead 
observed even after 75 h. This mixture was also thermally 


stable at 200°C (during Kugelrohr distillation). We 


must conclude that probably all the mixtures isolated in 


ae 
be 124) ag thse 


the different runs are kinetic mixtures, the different 
compositions arising from a complex mechanism. We 
summarize our observations as follows: in the presence 
of dry silica and propylene oxide as an acid trap, (8a) 
and (8b) are formed at approximately the same rate to 
afford a 1:1 mixture of 5- and 6-membered ring urethanes. 
This, or any other, mixture with different proportions 
of (8a) and (8b) does not change in composition when 
Stirred in the presence of silica gel. The rate of 
POLMatLONyOre (Gc), enOWey Clty; Sees tO be pia sreast 
initially and in the absence of propylene oxide, faster 
thaneitncerate OimrOrmation (Ob (8b) both indichloro— 
methane solution and in the chromatographic column. It 
is likely that the kinetics of the reaction are quite 
complex, and the hydrogen chloride formed as a side 
product plays a role in the unusual effects observed. 

A further complication is introduced by the presence of 
Si ltca geimrettheniing situ Or ane the Column during 
purification by chromatography), which presumably 
catalyzes to a different extent most of the single steps 
involved in the overall reaction. 

The overall catalytic effect of silica gel is not 
easy to account for; organic reactions at alumina surfaces 
have been rerrewede and it is appreciated that much 
further work is needed before solid supports can be used 


systematically in organic synthesis in a rational way. 
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Two roles of catalytic surfaces have been suggested: one 

is of entropic nature aa the surface would lower the 

entropy of activation when reacting species are adsorbed 

in proper position and orientation for chemical reaction. 

In our case, however, we expect this effect to be small, 
Since in short-chain ring-closure reactions the entropy 

of activation is rather saan Another effect is to 
activate one (or both) of the reagents for chemical reaction. 


In our case we can postulate that both the acidic 


i‘ 2 
(silanol bonds) and basic (siloxane bonds) sites A of 
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the surface have a catalytic effect. They might help in 


the removal of the proton on the nitrogen during (or prior 
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to) cyclization, and they might speed up the formation 
of the presumed reactive species, the seleniranium ion 
(28), by readily removing the chloride ion from the 
initaaivadduct. The process (28) WASP Ghy Gilicten eye 
catalyzed as shown in Scheme 1, and consequently, the 
overall cyclization process is facilitated. 

Finally, the problem of removing the ethoxycarbonyl 
protecting-activating group deserves a brief comment. As 
Showmrby hehe jtranstormabion , (ha) are(l9), hydrolysis.(seep.17) 
of the urethane group requires harsh conditions. A 
solution to this problem might be offered by the recently 


introduced trimethylsilyl iodide reagent~> 


ane Drane 1 pLey, 
amines as final products can be obtained also 

by uSing more easily removable alkoxycarbonyl protecting 
groups = such as the benzyloxy and the t-butyloxy 

groups, which can be cleaved under fairly mild conditions. 

To conclude, the silica gel promoted cyclofunction- 
alization of unsaturated urethanes constitutes a reliable, 
Simple and efficient route to nitrogen heterocycles. When 
the double bond is not heavily substituted, 5-exo processes 
avemtavoredgovers 6>[endopands G.exo! Overe /sendo.eeine the 


cases of more substituted olefins, however [as in (8)], 


mixtures of the two possible products can be produced. 
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PART 2: REACTIONS OF VINYLSILANES WITH SELENIUM 


ELECTROPHILES 
INTRODUCTION 


From the chemistry discussed in part 1 of this thesis, 
it is clear that it would be very useful to be able to 
direct the cyclofunctionalization process 3 toward either 
one of the olefinic termini, as shown in eq. (21) for the 


re Z pales 
specific case of 5-exo versus 6-endo competition. 


eN PhSey or SePh 
nN ; — 
X x SePh (21) 


| 
H X 


For example, in the case of unsaturated alcohols (X = O), 
hep e Rs enters that 5=exo closure 1s usually sellectively 
observed. This makes the 6-membered ring product hardly 
accessible, and we thought that it would be useful to 
explore the possibility of producing either one of the two 
isomeric products by placing a suitable substituent at 

a specific carbon atom of the double bond. Our choice 

of such a substituent was the trimethylsilyl group a. 


which is known to stabilize a positive charge (and 


presumably an incipient positive charge*® ) On ascarpon 
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acomue to mf We also thought that such a group 


could be easily manipulated after the cyclization, in 
conjunction with the phenylseleno group. It is known, 
for example, that a-silyl selenides on oxidation undergo 
competitive sila-Pummerer rearrangement and selenoxide 


fragmentation’®© feq.st2 2). 


PhSe SiMe, 


ae merer 
Sila- Pum (22) 


i Ph 
Ph SiMe, Ph CH, ~_—_9 
HO 


PhSe OSiMe, 


In any event, the fragmentation products are convertible, 
uSing known Chemistry, > into the sila-Pummerer rearrange- 
ment product. What we were planning to accomplish is 
Summarized in equations (23) and 24). 


SiMe, SiMe, SiMe, 


e-Ph > SePh 


HO HO 0 


2 
(30) (31) 2) ee 
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(33) 


1)| Sila— 
Pummerer 


2)) HO 


(24) 
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DISCUSSION 

In order to test whether the discussed Bae 
of silicon could control the regiochemistry of addition 
of selenium electrophiles to unsaturated systems, we 
treated trimethylvinylsilane (37) with benzeneselenenyl 


trifluoroacetate f[eq. (25)]. 


SiMe, fe) HQ iMe 
il 
1)PhSeCl, AgOCCF. 


(Sle 73) (20) 
2)NaHCO, 


SePh 


Tiemproduction tOfuthe desired s( 38)rasithe tonlyereaction 


49 Since treatment of 


product was quite remarkable, 
vinylsilanes with electrophiles almost always results 
in substitution of the trimethylsilyl group, 7> by the 


mechanism shown in eq. (26), where the silicon is probably 


assisted by a nucleophile in its elimination. 


Me 


SiMe H E 
Sale a gV v | vente (26) 
E 
(39) 
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This equation illustrates a point of stereochemical 
Significance, namely that the C-Si o-bond 
responsible for stabilizing the positive charge 


(presumably? 2 


through hyperconjugative effects) must 
lie in the same plane as the empty adjacent p orbital. 
So one can predict a minimum in the 8-effect when the 
opposite arrangement (i.e., perpendicular) of the two 
orbitals is observed. Since no substitution takes place 
in our case, one can assume that there is hindrance to 
the attainment of the geometry (37a) and this might be 
due to bridging of the selenium with the pucarbenme | 

The observation that the trifluoroacetyl group binds to 


the 8-carbon, however, suggests that the 8-carbon bears 


some positive charge. If this were not the case and the 


Ph 


opening of (40) were to be considered an Sy2 process, one 
might expect the opposite regiochemistry for the follow- 
ing reason: silicon is known to accelerate substantially 
an Sx? process occurring at an a carbon aroma and an 


illustrative example is given by epoxy-silanes which 


. . . 5 
react, even in acid-catalyzed reactions, at the a-carbon 


[eq. (26)]. 
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oO SiMe HO SiMe 
/ \/ 3 ux 3 (27) 


Encouraged by this result, we proceeded to test 
an intra-molecular case, for which any prediction was 
difficult, due to lack of precedent for such a process.>” 
The required unsaturated alcohol (30) was readily avail- 
able using the well known cuprous-ion catalyzed coupling 
between Grignard reagents and alkyl halides 724 our 


starting material was obtained in two steps from known 


chemicals, as shown in eq. (28). 


SiM SiMe; 
IME 3 cat.amt. 
TaN Pe / Cul 
+ (84%) THP 
41 
MgBr ree (98) 
SiMe; 
P—TSOH 
MeOH 36 


(868) (30) 
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When we treated (30) with selenium electrophiles, 
however, we failed to obtain good yields of a cyclized 
product. The reaction with silver trifluoroacetate- 
benzeneselenenyl chloride was found to work best in THF 
as a solvent, but to produce only a low yield (28.88%) 
of cyclized product. By TLC there was substantial 
streaking,of the ®Yeaction mixture and this, using our 
experience with the cyclization of unsaturated urethanes 
(described in part 1), was taken to mean that the initial 
benzeneselenenyl chloride-substrate adduct(s) constituted 
Substantial part of the species in solution. Longer 
reaction times, the use of a base and also of silica 
gel, failed, however, to improve the yield. In the case 


of silica gel we employed conditions similar to the ones 


used with unsaturated urethanes, but this time we observed 


slow consumption of benzeneselenenyl chloride (presumably 
by decomposition of the initial adduct, since the 
reaction mixture was colorless or pale yellow) and the 
presence of starting material as the main component. It 
seems likely that the cyclization rate in this case is 
particularly slow, and reversion to starting material 
with hydrolysis of benzeneselenenyl chloride at the 
Silica surface (eventually to diphenyl diselenide and 
benzeneseleninic acid) takes precedence. 

We briefly examined other electrophiles as cyclizing 


agents (iodine, N-bromosuccinimide, iodonium 
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di-sym-collidine perchlorate,>> N-phenylselenophthal- 
amides. ) without success. We did not continue our 
attempts mainly because it was clear that our cyclized 
. product was the unwanted five-membered cyclic ether 


(42) and not the desired (32). The structure was assigned 


SiMe. 
SiMe3 
J(H.3:H,)=12 Hz 
O 3°. 4 
H’ SePh 
(32) : 


(42) 


on the basis of the value of the geminal coupling constant 
for the protons a to the oxygen atom. This value (8.2 
Hz), obtained by decoupling experiments, is typical of 
tetrahydrofurans. The value expected for (32) would be 
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ca. 11.5 Hz. To further support our assignment, when 


(30) was treated with meta-chloroperbenzoic acid, [eq. (29)] 


SiMe. 
SiMe, 
m-CPBA 
fe) 
THF, 25°C HO 
H 
(30) (29) 
(43) 

——————— 

(703%) J(H,+H,)=8.4 Hz 


J(H,;H,)=11.4 Hz 
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the primary alcohol (44) was obtained directly, without 
isolation of the intermediate epoxysilane (43), in good 
yield [both the readiness with which (43) is opened and 
‘the regiochemistry observed illustrate the a-effect 


discussed above]. The structure (44) was assigned on the 


basis of the 1 


H-NMR spectrum in DMSO-d -: in the spectrum, 
the hydroxylic proton appears as a clean triplet at 
64-4770 =">.> Hz) 

The value of the coupling constant between the 
geminal hydrogen atoms a to the ether oxygen atom (8.4 


Hz) is very close to the value given for (42), confirming 


in such a way our assignment. We are forced to conclude 


H 
(31) 


that the trimethylsilyl group cannot in this case exert 

an adequate 8-effect on carbon because of the relative 
orientation of the C-Si and C-Se bonds in (31), which 
deviates from the parallel alignment necessary for the 
stabilization of a developing positive charge by the 
Baiticone This observation contrasts with the results 
obtained using the simple vinylsilane (37), in which, however, 
the observed regiochemistry of addition might have been 


: 58 
the result of thermodynamic control. 
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Presently it is not easy to predict the ease of 
equulrbracion. (32) ~ (42) under the reaction conditions. 
The reason why ring closure of (30) proceeds so slowly 
and does not go’ to completion, is rather difficult to 
understand, especially if compared with the extremely 
PoC MieCeprCCeSom( 45) "vaete4).)  lteis, tCherelone, unlikely 
that the trimethylsilyl group exerts a significant steric 
effect. Further speculation is impossible in the absence 


of further data (for example, experiments on other 


functionalized vinylsilanes). 
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PART 3: ADDITIONS OF CUPRATES TO a,8-UNSATURATED ALDEHYDES. 


INTRODUCTION 


Geminal methyl groups attached to a carbon atom, 
especially as part of a carbocyclic system, are a common 
feature in many natural Beene. see Due to the avail- 
ability of the Carbonyl group, its versatility for 
assembling molecular frameworks and its susceptibility to 
further transformations, we were led to explore the 
possibility of devising an efficient, reliable, stepwise 
method of converting a carbonyl function into a geminal 
dimethyl uieup , as in eq. (30). A chemically reason- 


able scheme for this transformation is shown in eq. (31). 


0 _— | 5S (30) 
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A similar scheme involving the intermediacy of a,8- 


unsaturated sulfones has been investigated by Posnem o> 


The introduction of the methyl group was achieved using 
lithium dimethylcuprate, but the yields were clearly not 


satisfactory. Our scheme, apart from step (a) ol and 


) , 4 


step (c which are well precedented, presents the 


problem of a conjugate addition to a,f-unsaturated 


aldehydes. It is known that with organolithium reagents 


enals are more susceptible to 1,2-addition than enones. °° 


Grignard reagents give usually 1,2-addition, although 


isolated cases of conjugate additions have been reported. °4 
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Organocadmium compounds are also poor in respect to 


1,4-additions. Enals can function as Michael acceptors, °° 


although in some cases this can be the result of thermo- 


dynamic control. °° In general, there has been reluctance 


to use enals in conjugate additions, due to the unpredict- 
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Our obvious initial choice as reagent for step (b) 


was lithium dimethylcuprate. Cuprates undergo effective 
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conjugate addition to enones but only a few scattered 


reports exist in the literature where a,f8-unsaturated 


aldehydes have been employed as substrates. °? Recently, 


70 


however, two detailed studies on the subject have 


appeared: Lithium dimethylcuprate adds smoothly in a 
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conjugate fashion to simple a,f-unsaturated aldehydes, 
but “significant amounts of 1,2-addition (upto 64g) 
occur when more branched substrates are used. Other 
cuprates give variable amounts of 1,4-addition, and the 
trend seems to fit the scale proposed by nodse: + , which 


measures the relative ability of lithium dialkylcuprates 


to undergo conjugate addition with enones [eq. (32)]. 


n-butyl ~ vinyl > phenyl ~ methyl ~ sec-butyl 
(32) 

metere=bucy l= * mal lyl 

Rouce has proposed that conjugate addition of cuprates 
EOmeNONeS sprocecds VidwiInitialwelectronscuansfer, ,and nas 
correlated the reduction potential of several unsaturated 
compounds with their reactivity in conjugate additions 
with cuprates. The Foden ots is that the reduction 
potential of the unsaturated carbonyl compound should be 
WLENSn thesrange —1.3° tol —2.355V in order ‘to obtain; conjugate 
addition of lithium dimethylcuprate in good yield. 
House's mechanism is not universally seas” Duc aepDe 
correlation "reduction potential—reactivity in 1,4-addition" 
seems to allow predictions with most a,f-unsaturated 
compounds, particularly ketones and esters. 

In the case of enones the main competitive reaction 
Ss Orion while 1,2-addition is less often 


observed. In fact, saturated ketones do not react readily 
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with cuprates to form | Decne For saturated 
aldehydes, however, the Situation is different, reaction 
with lithium dimethylcuprate resulting in rapid (even at 
-90°C) eonecdara one by an unknown mechanism. Heuee 
has given a set of empirical rules to estimate the 
reduction potential of a,f-unsaturated carbonyl compounds. 
Most of the enals studied recently by seme" have a 
reduction potential well within the range useful for 
conjugate addition, but nevertheless much 1,2-addition 
is sometimes observed. 

It is clear that a,f-unsaturated aldehydes are a 
special case within the group of substrates for cuprate 


conjugate additions, due to their tendency to react in 


the 1,2 mode. We reasoned that, if conjugate addition 


occurs via electron transfer and 1,2 addition, in principle, 


Viana different ee rer sites the use of cuprates with 

a more negative reduction potential might selectively 
enhance the rate of 1,4-addition, possibly without notice- 
able effect on the rate of 1,2-addition. Since deter- 
Minations of oxidation potentials of cuprates by electro- 
chemical measurements are precluded by the slow rate of 
electron transfer from the cuprate to the electrode 
sepeenase we decided to investigate empirically a 

series of cuprates capable, in principle, of delivering 


a methyl group to enals, in order to seek selectivities 
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better than those observed in the case of lithium dimethyl- 
éuprate. /° 

We also planned to test a few of the literature 
methodspavailable’ to,pertorm step. (a) in.edq.a.(34),.and 
to carry out some decarbonylations using Wilkinson's 
reagent, tris-triphenylphosphine rhodium (I) Ainleaciarse 
in order to establish whether the quarternary center 


adjacent to the reaction site has a significant effect 


on the rate of decarbonylation. 
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DISCUSSION 
(A): Availability of a,f-unsaturated aldehydes. 


Of the many possible syntheses of a; B-unsaturated 
aldehydes, we took into consideration only the ones that 
use aS a substrate a ketone (or an aldehyde) and that 
proceed with a two-carbon homologation to an evades 
as in our Original pan’ [eqe’(31)]. The preparation of 
our substrates serves to illustrate some of the many 
methods available for such a transformation. 

Ketones undergo the well-known Reformatsky reaction’* 


and the resulting hydroxy esters can be converted ulti- 


mately into enals, as shown in eq. (33). 


1) KOH 
a, Bon Me ba OOH 
BrZnCHyCOOEt 2) H,0 
OF ALBA Ste COOF tn Af dyed 
3) Ac,0 
Ro Ro COOEt Ro (33) 
R ae CHO 
LAH ag Mn0O9 
—_——— —_——_—_—————» — 
; Ro 


Thus, enals (45)°1° ana (48)°* (p. 54) were obtained by Mno, 
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oxidation of the parent allylic alcohols. This scheme 
certainly does not appear to be advantageous, due to the 
fact that several steps are involved. A modification of 
. the above idea involves the use of a directed aldol con- 
omeetion, an which is a much more direct approach 


[eq. (34)]. 
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As illustrated by the preparation of (50), 
method involves essentially one step, but the harsh 
conditions required in the dehydration of the intermediate 
B-hydroxy aldehyde - a much more sensitive substrate than 
aep-bydroxy ester — lower thevyiclds significantly. ‘An 
efficient way of avoiding such a step is to use anions 


from a-trimethylsilyl t-butylimines. °lf 


This method 

[eq. (35)] is operationally simple, and we tested it in the 
PEeeparaticon Gf (45)7, (49) and: (52)(p.. 54-55). “We tound: that, 
although the yields were uniformly acceptable, the reac- 
tion mixture always contained small amounts (typically 


10-20%) of unreacted saturated ketone, and its presence 


could not be avoided by altering the concentrations of 
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the species in solutions (i.e., uSing an excess of imine 
anion). On the rather small scale that we employed, this 
implied a careful purification by flash chromatography,-” 
and this technique was always accompanied by loss of 
product in mixed fractions; consequently our yields were 
usually not higher than 50%. It is likely that, operat- 
ing on a larger scale and purifying the product by 
distillation, one might obtain better isolated yields. 
Another meenod aed which is relatively convenient but 
presents, too, the disadvantage of affording a product 


accompanied by starting material, is illustrated by the 


preparation of (46) [eq. (36)]. 


45. 


sehen 
. 2 Sy ui? o2laca ilema tanzs2 4 

art 
6% maxis dealt vd eaaotoeai diag {utereas at sk 


aT?) % vo. Be i recirre a Bow sup il nasa® a f - 


. . By 1 po Ape 
eaiy tuo yLonstupecioy if ML IPRs bexlur age bade 7 


ae 


7 fer) i a? JI m2 nets Teivin For, ‘ 


ss - 7 
vd I0URoT are emiy.t LvG has S.2508 za9xel BAe - 


igiv Budslods wetted otesdo tdoim see 4 AO hIeeeee 
we 


oe ss 

‘4 shneavacts Levise!=3 oi Avstayw Lule ais 

= 

; ; el * ar, 

hong & patbuetia to st gBinevSeelh ay ,O6F g 1 FS 


im) if 
essa agevill BL ,isivesam gritiede yd hein i" arts 
: 


{(¥£) sos) ()) 20 nolaae 


so 


46. 


oe 1) Oi RRS 3 PyHCrOscl_ 


2) H,0* (77% overall) 


CHO 


Finally, the most convenient method, in our experience, 


Wascmuscdninathe Ssynthesisaot. (5i))ands (53) i9(b- >>) s andais 


shown in eq. Ree, See 
i. Li OEt Me 
1) Neee/, 
———_ 
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H H OH OEt 
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(75% overall) CHO 
H 37) 
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The method exploits the rapid [1,3] transposition of 
tertiary allylic alcohols, and in this case the resulting 
carbinol (54) is rapidly hydrolyzed under mildly acidic 
conditions. With this one-step procedure little start- 
ing ketone is observed, the purification of the product 
is simple and the yields are high. We tested the method 
also in ithe preparation of (45) (p. 54) and we obtained a 903% 


elie 


isolated yield. mheerequired 751-11 thio[2 ethoxy — 


Giiy ene Can besprepareacrther trom 2-l—bromo—Z2—ethoxy — 


ethylene by Br/Li ee eengen or from (2-ethoxy- 


or Since 


Vinys) sti —n—butylstannane by sn/lL7’ exchange. 
the bromide is easier to Pecoaree =o and is now also 
commercially available (Aldrich), its use is certainly 
more convenient. 

Other neeneeig are available for the synthesis of 
a,f-unsaturated aldehydes, and we believe that this 
class of compounds has become now sufficiently accessible 
to warrant its use in organic synthesis. Our experience 
shows that these compounds are rather unstable however, 
and, if kept at room temperature in ordinary, stoppered, 
vials, they undergo appreciable decomposition after 24 h. 
They can be stored without evidence of decomposition 
under a nitrogen atmosphere at -20°C for short periods 


(2-4 weeks), so that their use in synthesis should not 


pose any special problems. 
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(B): Cuprate additions to a,f-unsaturated aldehydes. 


Our model compound for the conjugate addition of 
cuprates was enal (45), which possesses an exocyclic 
double bond. This compound was chosen due to the 
large number of natural substances >” Featuringea «cls 


dimethyl group attached to a six-membered carbocyclic 


skeleton. 
OH 
nC OH 
CHO 
Pipa oe He ae (38) 
(45) (45a) (45b) (45c) 


When we treated our substrate with a slight excess 
Cimlicniumedimethyicuprates in-ether at —/5°Cito —40°C 
and quenched the solution with a saturated ammonium 
chloride solution, we obtained a 71% yield (corrected for 
recovery of 9% starting material) of a mixture of (45a) 
andsc45b))an the) ratio 87:13. We found it especially 
convenient to measure this ratio by 1u-NMR, by integration 
of the signal due to the aldehydic hydrogen for (45a) 
(triplet at 6 9.83) and the signals due to the olefinic 


hydrogen or to the hydrogen attached to the carbon bearing 
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the hydroxyl (multiplets at 6 5.15 and 4.60, respectively) 
for (45b). Alternatively, integration of the signals due 
to the methyl groups in (45a) and (45b) was also used. 
‘These latter signals are fairly well separated. The 
diagnostically significant signals are summarized in 


Scheme 2. 
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Scheme 2 


We also prepared an authentic sample of the 1,2- 
adduct by reaction of (45) with methyllithium in ether, 
and, by comparison of VPC and NMR data, we could confirm 
that the minor product in the lithium dimethylcuprate 
run was indeed the 1,2-adduct. The ratio 87:13 agrees 
qualitatively with the ratios obtained by Normand oF 
for aldehydes with a similar substitution pattern. It 
must be noted that the approximate reduction potential 
of (45), on the basis of House's /° parameters, is -2.1 


V, a value that is within the range for which conjugate 


addition is predicted without complications. As noted 
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in theiantroduction,; otis mMakely) that" this mange? is 
narrower in the case of enals, and we sought a more 
selective reagent for the conjugate addition. It was 


83 


noted recently by Ashby that when one adds an ethereal 


methyllithium solution (dissolved lithium salts do not 
seem to have any influence) to a slurry of purifiea®4 
cuprous iodide in ether, oneobtains a yellow-orange 
suspension of methyl copper. The mixture then slowly 
decolorizes on further addition of methyllithium and the 
precipitate starts to dissolve. A clear colorless 
solution is obtained when 1.67 equivalents of methyl- 
lithium have been added, that is, before the stoichiometry 
ofadarchium.(damethy leupravetihastbeen meached-urirhus jputhere 
must be a complex in solution corresponding to a stoi- 
chiometry Me,_Cu Li, which is formed prior to the formation 


Die 
of the better known Me,CuLi. Ashby °? COULaLNOt 
characterize the species by NMR, but by analogy with his 
observations! ini dimethyl ether, Owhere tthe tnitially ‘formed 
complex Me,Cu5Li could be detected clearly, he postulated 
Chati213) wsithe: lowest ratrorvor thi cutithateicanmbesobtained 
in a methylcuprate in ether. In retrospect, it is very 
surprising that after so many years of cuprate chemistry °® 
none of the many chemists who have prepared solutions of 
lithium dimethylcuprate seem ever to have reported 


this observation. Certainly, to our knowledge, none has 
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This state of affairs can, in part, be due to the 


factechat Me,Cu Li. and Me,CuLi behave very similarly 


5 
in the conjugate addition to evo sue and, moreover, 
the complex Me ,CuLi,, °” which is formed on further 
addition of MeLi to lithium dimethylcuprate solutions, 
is also aigood*carrier of -thevmethyl* group in conjugate 


additions to enc 


Thus, a deficiency or an excess 
of methyllithium in the preparation of lithium dimethyl- 
cuprate does not affect its reactivity (reaction rates 
are, however, slightly eae conte ) with enones, and 
this has probably prevented - through the observation of 
some abnormal product distribution - the discovery of the 
reagent Me,Cu,Li. We repeated Ashby's cungrerechce using 
freshly titrated methyllithium containing 5% lithium 


chloride, and we indeed observed that a clear colorless 


solution is obtained at 0°C when 1.67 equivalents of 


methyllithium have been added. Addition of 2 acuiemlense” 


Of our ena (45) to this solution, in the temperature 
mangel—/ 54Catog-40°C,.stoltowedtbyawork-upiegave-= (45a) 

and (45b)>2n the ratio of 99:1, plus another compound 
that was identified as (45c) upon comparison (VPC, NMR) 
with the data obtained on an authentic sample. Typically 
(45c) comprises 3-7% of the total product, as judged by 


VPC relative peak areas. There is precedent in the 


literature for reductions of aldehydes during lithium 
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dimethylcuprate reactions, ®/ presumably by methylcopper, 
and to confirm this we ran a reaction using methylcopper 
aS a reagent: consumption of the enal was rather slow 
evouedcw VO Cer ana (aoa) Pius (45c) were obtained ah 9 Maye 
Boerner low (Dye VPC)piwreienorerace, (<0. 52) or (40) . 

We did not investigate further this reductive side- 
reaction since we found that, by uSing the cuprate and 
the enal in a 1:1 ratio, reduction could be suppressed 
completely. 

A further point deserves comment in this reaction: 
the quenching procedure, aS recognized by Normant ,/9% is 
more critical here than in the case of enones; in fact, 
aldehydes can undergo rapid self-condensation or other 
Side reactions (Cannizzaro) during quenching. These 
processes are initiated by the strong bases that are 
present before the quenching is complete. Indeed, our 
yield was 71% when we poured onto the reaction mixture 
at 0°C a cold ammonium chloride solution, but when we 
quickly added an excess of neat acetic acid at -75°C, 
followed by work-up and distillation, (45a) could be 
obtained in 90% yield, and the material contained only 
Eracesmil2 Tsotsi ts sl comera( 45). the as, 2-adduct. 

Our conclusion was that Me, Cu3Li, does indeed behave 


differently from Me.CuLi in ether, at least in its 


reaction with a,f-unsaturated aldehydes, and its use 
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might allow us to effect the process (b) in our 

Original plan [eq. (31), page 38 ] with high chemical yield 
and excellent regioselectivity. We decided, therefore, 

to study the properties of this new cuprate reagent in 
further detail, especially with respect to its reaction 
with a,f-unsaturated aldehydes. We studied the regio- 


chemistry of the addition of Me.Cu,Li, to a number of 


representative enals (calculated ’? reduction potentials: 
-2.1 to -2.2 V), and compared our results with the ones 
obtained similarly with Me.CuLi. The presence of 1,2- 
adducts was confirmed (or excluded) in each case by 
comparison of the VPC and NMR of the total reaction product 
with the data obtained from authentic 1,2-adducts, 

prepared by reaction of MeLi with the enals. Our compara- 


tive study is summarized in Table 3 (page 54). Enals 


(46) and (47) illustrate the use of acyclic §8,8-disubstituted 


CHO CHO 
5 a aia ss i 


(39) 


< al 
ope. 14 ) i> 
. i : 7 a 
: oan AW ae le 
Be ie at 9 = 
— > aL, SS ne 
SISIWUY WSe aids 30 eolt TU <6 
' toscaet diviw vilsiosqas 42 
= 7 = : . 
_ a 
tatbote eh sbyidobin bets teyeenk 
° fal “ on | =) Of 17 OS eds 40) 
oe 
¢lane evitecae 


54. 


*** peanut qUuos 
(84) 
Ga C° 76 76 Ting “ay (tots*ew) 
7 £ ¢ 2 oe ee 
CoT G°86 76 FI 10° OW OZ- ‘0°34 
(L4) 
0°OT 0°06 BL T1n9 “aw (HOOV) 
Ss 
zo 0? G*66< 08 Coa ’ng oy 0 {0°34 ono 
(94) 
G°g 6°16 06 Ping “ay (HOOv) 
35° 0> 6°66< 06 Coneng say OF- $039 Ke 
OH 
(S¥) 
O°ET 0°28 TE Ting “ay (HOOV) 
Ear 0°66 06 Cq’ng° an ov- ‘0°34 rt) 
OHD 
YouenbjyW,)./L 
g¥oFa uot ° ‘ 2 
= age ee Dae PIOTA % qUusZ8eay §$QUdATOS TefszszeW sup qszeys 
eTAYIW-Z*T % -PTAYISW-H°T % q ee 


‘tno ‘ow aNwv Crqeno ton HLIM STIVNA SNOIYWA JO SNOITLOWEN °€ STIeL 


DD. 


* eo, ‘Jaa WoIF Beg *(YWN ‘OdA) pezIe7ep sem auoU *ATTeENIOV, ‘OdA 4q poutwtajep ofeY, *UOoTINToSs spfFaoTyo 
unfuouwe snoenbe pejeinjes e yFM peyouenb sem a1inqzxtTu SULp “PeyeOFPUT sr9ym ydaoxe ‘YWN ZHW 00Z Aq peuTu 
-1ajep sofqey, °(OdA) Aafand %/6< Jo sTeyiAejew paeT[FIsTp pue pazepTos|T 0} Aazor SPT®FAg “(9.GL- 38) payouenb 
SCM UOFIOBIT 9YQ VIOJOq V9ANJXFuU uot {esi oy Aq peyorsr sinjeitaduiay YseystYy oy, 0} SAazar einjeredusl, 


(EE) 

Cu? G*16 78 Ting Say (HOOV) H 

0°Z 0°86 98 Crqeng Say oz- {0°34 7 a 
(ZS), 
S°TS 6°84 18 Tn “ay (tots *en) 
0°%S 0°94 8g CrqtnpSay «= g)- Sauequad-0° 3g 
OHS 
(TS) 
O° LT 0°€8 8g T1n9 “ay (HOOV) 
G°S S* 46 8g Coq eng Say oz- {0°14 
(tors an) on ©) 
; . gato Tots en 0G 
O°ST 0°Sg gg FL Og OW Re oes aceon cee 
Z 
379 g9t 398 FIND oe (tots* ew) 0 69¢aq 
6°ZZ G*LL Gg Crqtng Say OHO 

(64) 

0°0Z 0°08 16 Ting °aw (tots* ew) —< ) 

e ry G € G r¢ a ib 
38 0> C°66< 88 FI-NQO°eN =) Seuequed-09" 74 Ares 


(peanut jUuod) 


“€ eTqeL 


a 


gis 0.82 
z.f toe 


ane metdiest sag sicted 


. ~setab motzer? , f7Tt) vt lave 
gbinomms #vaseps bots tw tee 
. BYY.394 wos) eja0* . (dm 


i 


erusge im 
ores +, 
a 
on 


“7 | 


fi} satredgeq=0,34 | 
0) om fLJte,oM) (02) 


Hp. 


> t c > 
fi). (ROSA) 7 
up | 
er ee qf Js 
Te Fad, aM 322.2%) | “| 
(St) ou 
on ’ i zi * co f) A Chon. = 3 
of o MOXA) rt 
(/ 2. 
aaa: " ~ > Fs ec » 3 “in lif aa 2s io swtaTeqes?” 
noeLjIaas? _ - a , 
7% iam “ bi oe I f ; i ‘ bm | < i] > 4 ‘ton 4 = D6) badonew 
: < va 7 h Se > x? yy »t™ 00S tt tanl@ 
: ve f <4 ' = t da 7 nhs lee shi geld 


substrates. Both enals gave essentially only 1,4-addition 


with Me.Cu Lis, while Me,CuLi gave some 1,2-addition (8.5% 


Sea 
and 10%, respectively) .* The reaction of citral with 

‘ Me,CuLi has been studied already: Normant / 98 reports a 

19% 1,2-addition, while other authors report only ca. 53 093 
(estimated by VPC relative peak areas). Operating at 
lower temperatures than Normant, we find less 1,2-addition, 
not surprisingly. Our figures, obtained by NMR, were 
confirmed by separation and isolation of the two adducts 


(see experimental). The case of (48) illustrates the 


use of a,8-disubstituted enals. We found little (1.53) 


(48) (48a) ve 


(48b) OSiMe, 


(41) 


1,2-addition with Me,CuzLi.,, although Me,CuLi also gave 
mainly (94.5%) 1,4-addition. We found that in the case 
of a substituted enals, the aldehydes resulting from 
conjugate additions were unstable in the reaction mixture, 
decomposing to give mainly saturated ketones with one 

less carbon atom [eq. (42)]. 


“These and similar following figures refer to relative pro- 
portion of the specific adduct in the total distillate 


(see Table 3). 
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1 <0> 1 
CHO Se, “ELS —==0 (42) 


This reaction was first observed by Normant /° in his 
ammonium chloride-quenched reactions, and we found that 
acetic acid as a quenching agent does not prevent this 
oxidative decarbonylation. The mechanism of the reaction 
is not known, but cuprous or cupric ions almost certainly 


88 70a 


play a role. Following Normant, we have quenched 


our reactions at -75°C with chlorotrimethylsilane - 
triethylamine - uMpa, ©? and isolated the trimethylsilyl 
enol ethers of the aldehydes in good yields. These 
derivatives were also suitable for complete characteriza- 
tion, including elemental analysis. Normant /9P has shown 
that, if desired, the parent aldehydes can be recovered 
efficiently by fluoride ion-catalyzed methanolysis of 
the enol ethers. Enals (49) and (50) were chosen with 
the purpose of testing our reagent with less easily 
reduced substrates estimated. reduction potential is 
=2u2my  LOrmboihs (49) and. (50)i.. 

Compound (50) contains a double bond exocyclic to 
a 5-membered ring, while in (49) the double bond is 


exocyclic to a 6-membered ring, and this introduces a 


Fee possibly making the substrate more prone to 
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OSiMe, OSiMeg 
CHO Ae 
ans (43) 
——— | a ———— 
(49) (49a) (49b) 
OSiMe, OSiMe, 
CHO 
[ 07 ag (44) 
(50) (50a) (50b) 
conjugate addition. 
70a 


Compound (50) had been tried already by Normant 
aS a substrate for Me,CuLi reactions, and from his results 
(643 1,2-addition) we knew it to be a particularly 
difficult case. 

Me.Cu,Li, in ether gave 77.5% conjugate addition, a 
substantial improvement over the 36% obtained with Me,CuLi. 
Following the observation by Housewa that the introduc- 
tion of a non-polar solvent promotes 1,4-addition relative 
to side reactions (enolization, in the case of enones) 
that are not related to the electron transfer process, 


and that this effect is quite appreciable for substrates 


having reduction potentials at the threshold value for 
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useful conjugate additions (-2.3 V for enones, possibly 
-2.2 V for enals), we tried a mixture of ether-pentane 
as reaction solvent in our Me,Cu,Li, PFUNSP ON (Uji eet 
Wasnoc Course, not clear a priori whether the introduction 
of another solvent would alter the nature of our "ate" 
species. We indeed observed no visible change (i.e., 
coloration or precipitation) upon addition of three 
volumes of pentane to an ether solution of Me,Cu,Li,, 
anere Dy aGadtt LON Of (20)ico Enis; Solution, we could 
Psovatewan o>.) Oo) Mixture, Of.) (50a) and (0b) win good, yield. 
Therefore, the use of pentane does indeed represent an 
improvement, in this case, with respect to using simply 
diethyl ether. 

mNe case OLe(29) > was even more Lorlunate-, = the Use 
of an ether-pentane mixed solvent suppressed completely 
the 1,2-addition process, and (49a) was isolated pure as 
the only product in good yield. Me,CuLi, even though 
ether-pentane was used as a solvent, still gave 20% of 
the 1,2-adduct (49b), identical with the material prepared 
by using methyllithium as nucleophile. When we repeated 
PiewhUneOl 20) wlth Me,CuLi in ether-pentane, however, 
we did not record any improvement over the 87:13 ratio 
of 1,4 vs. 1,2 addition, showing that®™ pentane as co-solvent 


is only useful in limiting cases when the reduction 


potential of the enal is presumably around -2.2 V. 
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The role of the solvent in these conjugate additions 
has been discussed by Tenens the cuprate Clie termae 
presents electrophilic and nucleophilic sites, as shown 
in Scheme 3 (page 61). The electrophilic (Li) sites are 
ete important because they complex with the carbonyl 
oxygen in the first stage of the process; consequently 
their complexation by solvent molecules slows down the 
initial cuprate-substrate equilibrium, and as a result of 
this, the whole process. In fact stronger donors, as DME 
or THF, have a deleterious effect on the conjugate addition 
process. 

Since we had found a substrate, (50), in which even 


with Me,Cu,Li, a measurable proportion of 1,2-addition 
was recorded, we decided that (50) was the ideal system 

on which to test other cuprate reagents, in order to 

check whether we could find an even more selective species 
for the conjugate methylation. Sena co has proposed 

that Me ,CuLi, in ether is an efficient reagent for 
conjugate addition to unsaturated aldehydes but, since 


83 we doubted 


the species is in equilibrium with MeLi, 
very much that the reagent could undergo conjugate addition 
in an efficient manner with enals. Indeed, when reacted 
with our substrate (50), the reagent gave mainly (96%) 
1,2-addition. A species that deserved more serious 


consideration was the bromomagnesSium analogue of our 


pentamethyl species. Recently Leyendecker ”” has introduced 
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the reagents MeR,Cu, (MgBr) 5 as highly reactive cuprates, 
i.e., Species that add in a conjugate fashion to enones 
that are difficult to reduce. We prepared a suspension 
Or "Me,Cu., (MgBr) ," according to the directions of the 
French authors, and added our enal (50) at -40°C. The 
result, somewhat surprising, was almost complete 1,2- 
addition (96% vs. 4% 1,4-addition). 

Another species meriting examination was the cuprate 
Li, that has been characterized by Renee ain) [HF 


Me,Cu 


Su 2 
and dimethylether. It had been recoonece dias ielneke TAMebe 
is not the ideal solvent for cuprate conjugate 


Pacer ions ° 


indeed once again 1,2-addition was the 
predominant process (80%, vs. 20% conjugate addition). 
Other products were detected by VPC and NMR, so that the 


addition process in THF is also inefficient with respect 


to the yield. Recently, after the completion of this work, 


Normant has proposed Me,CuMgCl in THF as a reagent for 
conjugate additions to, enals...He has reported only one 
example, which is characterized by a rather low yield 
CESS Me 

Our results on the comparative study of the action 
of several cuprates on enal (50) are summarized in Table 
4 (p. 63). It seems clear that Me,Cu3li, in ether- 


pentane is by far the most promising reagent among those 


we have tried, and we went on with our study of its 


62% 


Cs 


Table 4. ACTION OF VARIOUS CUPRATES ON 2-CYCLOPENTYLIDENE - 


PROPIONALDEHYDE. 
es A : a b b 
Conditions % Yield % 1,4-Addn.° % 1,2-Addn. 
Me,CuLi, ether, o°ce 86 36 64 
Me, Cu,li,, ether 85...5 I LILA S 225 
mao) boll Oa 8 al 
Me,Cu,li,, ether-pentane 88 85 5 
= SOC, 20.°.C 
Me,CuLi,, ether 84.8 4 96 
=O ree O° 
Me,Cu3Mg.Br., ether 92.0 4 96 
=—402:C. 2  O°C 
Me,Cu5Li, THF = 20 80 
=—50"CS: 40°C 


“vields refer to distilled samples that were better than 
99% pure (VPC, DEGS, 100°C) unless otherwise stated. 


PReactions were quenched with chlorotrimethylsilane (see 
Experimental part). Proportions of 1I,4- and 1,2-adducts 
were estimated by ly NMR (CDCl., 200 MHz). 


“pata From Normant-,— Ret.e°70a. 


Gohe mixture of (50a) and (50b) was contaminated by 


impurities.(ca..50% of the total product, estimated by 
VPC relative peak areas). 
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reaction with other a,8-unsaturated aldehydes. 


OH 
CHO 


——_———+ ais (45) 


es) (Sla) (51b) 


The=results with enal (51) are not easy to rationalize, 
Since a fair amount (5.5%) of 1,2-addition was recorded 
even with MeCu3Li,. (Me,CuL1 gave 17% of 1,2-adduct). 
The use of ether-pentane as a reaction solvent did not 
improve the result pubecantiaiiy wae 

Pinatiy,.enals (52) and. (03) (p-955)) were Chosen jin order 
to study the effect of remote substituents on the reaction 
course. The degree of double bond substitution influences 
directly the reaction course by controlling the reduction 
potential of the enal, while more remote substituents 
are expected to exert mainly steric effects. There is 
precedent for steric effects in cuprate conjugate addi- 
tions °8 and it is known that lithium dimethylcuprate 
is a bulky species. We wanted to test in a qualitative 
way how our reagent would respond to situations in which 
approach to the conjugate double bond was hindered, in 
order to determine its steric requirements. 

Work on addition of organometallic compounds to 


cyclic ketones has identified several stereoelectronic 
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factors in controlling the preferential direction of 


approach by the incoming alkylating agent?* (Scheme 4). 


waxlal“catcack 


H 
Scheme 4 6 y "equatorial" attack 


It has been proposecie that in cyclohexanones the 
nucleophile is subject to (i) steric strain with the 
3,5-axial substituents when attacking from an "axial" 
direction; (ii) torsional strain with the 2,6-axial 
substituents when attack is "equatorial". The two effects 
oppose each other, one favoring "equatorial" attack, 
the other promoting "axial" attack. For bulky nucleo- 
philes (other than hydrides), “equatorial" attack is 


observed preferentially, with a variable degree of 


selectivity. 
° OH 
OH 
Gus 7 tp eee (46) 
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Using a reactive cuprate, Sera ee observed excellent 


selectivity, on t-butylcyclohexanone, toward "equatorial" 
attack [eq. (46)]. Admittedly, the situation is different 
. with a,f-unsaturated carbonyls, but a few éxamples’ °* 
suggest that the qualitative behavior is similar, 


"equatorial" attack being largely preferred. [see eq. 


(47)]. 


OCH, 
COCH, 


Soa; Bete (47) 


inet he, Casec-ots (52) (p.167), ;weldnvVecta gatec thennrd uence 
of one substituent a to the exocyclic methylene group in 
order to see whether it would exert any influence. Quite 
Surprisingly, even in ether-pentane, we observed large 
amounts of 1,2-addition (54% vs. 46% 1,4-addition), 
Me,Cu3Li, being even less effective, in this case, than 


Men Culurs( Ol. eb 7'2) ViS.104 0 bel a) cs 


2 
The 1,4-addition product was obtained in both cases 

as a 3:1 mixture of diastereoisomers. It is assumed, 

by analogy with the reaction of (49) (p. 55), where only one 

olefinic isomer (presumably E) of the trimethylsilyl enal 

ether was obtained in the conjugate addition, that here 


too we obtain two diastereomeric, isomerically pure E 


olefins. 
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OSiMe, 
CHO 
/ 
/ 
——_> 
A 
CH, OSiMe, 
(52) 
CH, (52a) E (48) 
CH, 
- OSi 
iMe, 
H 
CH, 
(52b) 


It was not possible to ascertain which diastereo- 
isomer was formed preferentially; tentatively, we assign 
the structure’ A™to*the*major lsomere(methyl iat (C-lcshows 
a singlet at 6 0.90) while B, the minor isomer, shows 
the resonance due to the methyl at C-1 shifted downfield 
(singiet at dClsel7)y duesto its "axial Ho Sititon. The 
assignment of the relative proportions would not, however, 
clarify completely the situation; in fact, it is not 


known, a priori, in which conformation (52) will react, 


so it is not possible to ascertain which isomer is the 
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result of an "equatorial" attack and which is the result 
Oreanmuaxial attack. awe haveldrawn (52) arbitrarily 
with the methyl group in the axial position. Probably, 
duemcoO. A (1773) casa! the methyl group is indeed 
present largely in the axial position, as shown, but it 
is not known in which conformation (52)! will react 
preferentially. If we extend the considerations made 

in the case of cyclohexanones to our present situation, 
the adverse effect on the conjugate reaction can be 
explained by invoking an interaction between the 
nucleophile and the axial methyl group, so that "axial" 
attack would become predominant, to form ha anda the 
overall reaction would be hindered, since the "axial" 
attack is a disfavored path, not normally eee 
If the reacting species has an equatorial methyl group, 


it seems harder to rationalize the pronounced 


deleterious effect of the substituent. 


Although it is not easy to reach a definite conclusion 


on the basis of this single example, it is clear that, 
when alkyl substituents are introduced in the 6-membered 
ring yinuithe: position astosthe exocyclic: double bond of 


the .end lA the reaction twith Me,Cu,Li, loses much of its 


selectivity, duesto steric and/or torsional strain factors. 


It would seem, on the basis of this discussion, that 


substituents at the 8 and Y positions should not have much 
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effect on the course of the conjugate addition, which 
Should then proceed by its usual "equatorial" approach. 
phesuesul ts swaths: (53)--suggest jthat.<this, isthe case 

(98:2 1,4 vs. 1,2 addition with Me.Cu,Li,), although in 
this case once again we could not assign the structure 

of the two diastereomeric aldehydes by inspection of their 
spectral properties. By VPC, their ratio was 95:5. Owing 


to the conformational mobility of (53), equatorial attack 
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can occur on both conformers C and D, to yield the two 
dvastereoisomers E andy i," and 71t “is not “easy to’ predict 
a priori which’ path’ is more favorable.**'In this reaction, 
remarkably, Me,CuLi shows essentially the same results 

as Mer5Cuz,hi,, little (2.5%) 1,2-addition being observed. 
This experiment concludes our efforts with respect to the 
reaction of a,8-unsaturated aldehydes with cuprates. 

It seems to us that the use of enals as conjugate 
addition substrates can be very useful in synthesis, 
despite the fact that they have been little used, so far, 
in this respect. The species Me,Cu,Li. undergoes con- 
jugate addition to enals having partially or completely 
substituted double bonds in excellent selectivity, 
superior to that displayed by the more classical Me,CuLi. 
With hindered substrates, as generally observed in 
cuprate reaction, Me,-Cu,Li, loses much of its selectivity, 
and this suggests that its use should be avoided in 
sterically crowded molecules. ”° The reagent lends 
itself, however, to the obtention of quaternary centers,” 
for which there is much interest in synthesis, and the 
versatile aldehydic group can be used in subsequent 
manipulations. We feel that the conjugate addition to 
enals can be of extreme value in assembling highly branched 
acyclic carbon skeletons, that are quite important in 
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connection it must be noted that highly substituted a, 8- 
unsaturated esters, which in principle could be used in 
lieu of aldehydes (and then, if necessary, reduced) do 
not undergo conjugate addition with cuprates ina 
rieneciealy useful wave 

The use of cuprates containing groups other than 
methyl probably deserves a detailed study. Normant /°P 
has studied mainly dialkyl cuprates, with variable results; 
it still remains to be determined whether the use of more 
complex cuprates (e.g., do other R,Cu3L1, species exist 
in ether?) can turn the conjugate addition to a,8- 
unsaturated aldehydes into a widely general synthetic 
method. 

In order to complete our original scheme [eq. (31), 
p.38 ], we tried to perform some decarbonylation experi- 


ments on our methylated substrates, but we soon realized 


that these aldehydes are too hindered to be decarbonylated 


under mild conditions with Wilkinson's reagent. 8° In 
CHO RhC! (PPh3)3 at 80°C: 9% 
at 115°C: 20% (50) 


(45a) (55) 


refluxing acetonitrile, the conversion of (45a) to (55) 


was exceedingly slow and even at 115°C [which is the b.p. 
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of (55)] in benzonitrile we obtained only a 20% conversion 
after an overnight reaction period. The reaction is, 
however, very clean and one can presumably bring the 
reaction to completion by working with less volatile 
Bonpounds in refluxing (190°C) benzonitrile, but we felt 
that the vigorous thermal conditions required for this 
transformation make the overall process synthetically 
Uhattwactive, salthough inwprinciple viable. 

Me,Cu,Li, has already been tested satisfactorily °° 
in its conjugate addition to enones, but we were curious 
to see whether the new reagent could add to hardly 
reducible enones, i.e., enones to which Me.CuLi fails 


2 


to.add. We made a sample of (56) (reduction eerie / 


~2.43 V), which is inert to Me,CuLi. We found that 
Me,Cu3Li, too does not react with (56) even in ether- 
pentane and at a temperature of O0°C. It appears that, 


e) 


ae 


is a more powerful reagent than Me,CuL1 in 


(56) 


aha i Me.Cu,l1, 
electron transfer processes, the difference in oxidation 
potentials is probably small. 


Finally, we tested a,f-unsaturated epoxides as 


substrates for conjugate additions with Me,Cu,Li,- The 
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Beace1OnOL( 5 /)*swith Me,CuLi to give a 1:1 mixture of 


0 
(57) 57a 


(57a) and (57b) plus some elimination product (57c) has 


been describea. 9 We found that Me,Cu,Li, gives exactly 


the same product distribution under analogous thermal 
and concentration conditions. It is likely that the 


features that make Me,Cu,Li, a good reagent for conjugate 


additions to enals do not have any effect in this case, 


Since the reaction mechanism is likely to be completely 


AEE erent oe i.e., it probably does not involve electron 


transfer. Complex cuprates that show a high degree of 
selectivity in their addition to a,f-unsaturated epoxides 


/ ik 
have recently been described. ve: 
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EXPERIMENTAL PART 


(A): General 


Except where stated to the contrary, the following 
Particulars apply. For reactions carried out under 
nitrogen, oven-dried glassware (130°C, 12-24 h) was used. 
The apparatus was allowed to cool in a desiccator or 
assembled hot, capped with rubber septa, and swept with 
HoErogen Or Ca.) ) 5 min. = Reactions were peritormned. (atter 
removal of the exit needle, unless gas was to be generated) 
under a Slight static pressure of nitrogen. The nitrogen 
used had been purified by passage through a column (3.5 
Se LU) fein (ene AR MELE senge and then through a similar 
column of Drierite. All solvents were distilled before 
use for chromatography. Solvents were dried, where 
Specitied, by aistillation, under a static nitrogen 
armocpnere rom sSultablerdestecants sand  transiterred svia 
oven-dried syringes. Dry ether and THF were distilled 
from sodium (benzophenone indicator); dichloromethane, 
chloroform, deuterated chloroform, benzene, toluene, 
pentane, pyridine, acetonitrile and hexamethyl phosphoric 
triamide (HMPA) from calcium hydride [the latter under 
reduced pressure (0.1 mm)]; acetone from anhydrous 
potassium carbonate; methanol from magnesium methoxide. 


Benzonitrile was distilled under nitrogen. The following 
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reagents were also dried before use and dispensed by 
syringe: thionyl chloride simply by distillation; tri- 
ethylamine, chlorotrimethylsilane and diisopropylamine 
were distilled from calcium hydride. Magnesium turnings 
for Grignard reactions were rinsed with dry ether and 
dniedvat 130°C overnignt, prior to. use. Cuprous jtodide 
(Fisher) was purified by the literature steel © and 
always stored under a nitrogen atmosphere. The commercial 
(Aldrich) solutions of methyllithium in ether, t-butyl- 
lithium in pentane and n-butyllithium in hexane where 
titrated, before use, by the diphenylacetic acid aeeegt oe 
Methylmagnesium bromide in ether (Aldrich) was titrated 
with Shieresl ine dvikeweneiedisae, 

Trimethylvinylsilane was commercially available 
(Petrarch) and was used without further purification. 

Benzeneselenenyl chloride from Aldrich was found to 
be satisfactory for our purposes and was normally used 
as received. Triphenyltin hydride was made according 
to the Sane in small batches (10-20 g) and 
stored under nitrogen at -20°C for relatively short periods 
(np etOe2=—3 montns).. Duringsproauct.1solation, “solutions 
were evaporated under water pump vacuum at room tempera- 
ture. Where compounds were isolated simply by evaporation 


of their solutions, the residues were kept under oil 


pump vacuum and checked for constancy of weight. Isolated 
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products were submitted directly for combustion analysis 
without need for additional purification, unless other- 
wise stated. 

All vapor phase chromatography (VPC)- analyses were 
performed on a Hewlett-Packard 5830A gas chromatograph 
equipped with an FID detector and, unless otherwise 
noted, with prepacked Hewlett-Packard 6 ft, 1/8" o.d. 
stainless steel analytical columns with nitrogen as the 
Carrier gas. Columns used were: 10% DEGS on Chromosorb 
W, 80-100 mesh, 10% FFAP on Chromosorb W, 80-100 mesh 
and 10% APIEZON L on Chromosorb W, 80-100 mesh. 

Yields were evaluated by VPC in the following way: 

a standard solution was prepared composed of the compounds 
to be analyzed plus an inert internal standard diluted 
with the appropriate solvent to the approximate concentra- 
tion expected to occur from the reaction. Response 
factors of each component, compared to the internal 
standard, were calculated. The absolute yield of a 
specified component was then calculated by addition of a 
known amount of internal standard to the quenched solution 
of the reaction mixture, followed by VPC analysis. 
Commercial thin-layer chromatography (TLC) plates were 
used: silica was Camag type DF-B or Merck 60F-254; 
alumina was Camag type DSF-B or Merck 60F-254. Plates 

for preparative layer chromatography (PLC) were 


60 x 20 x 0.1 cm and were heated at 110°C for 1 h before 
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use. Silica gel for PLC was Merck type 60-PF-254. UV 
active spots were detected at 254 nm; spots detected by 
spraying with sulfuric acid (50% in methanol) were charred 
on a hot plate. Silica gel for column chromatography was 
Merck type 60, 70-230 mesh ASTM; silica gel for flash 


chromatography >? 


was Merck type 60, 230-400 mesh ASTM. 
Silica gel for cyclofunctionalization reactions was 
Merck type 60-PF-254, and was dried at 115°-130°C over- 
night, then allowed to cool in a desiccator. Alumina 
for cyclofunctionalization reactions was Merck type 
GF-254 (60/E) and was similarly dried. 

Infrared spectra were recorded on a Perkin-Elmer 297 
infrared spectrophotometer; liquids and oils were usually 
run as neat films on sodium chloride plates, solids were 
run as solutions in the specified solvent, using 0.5 mm 
sodium chloride cells. Proton NMR spectra were recorded 
on Bruker WP-80 (at 80 MHz), Perkin-Elmer R32 (at 90 MHz), 
Varian HA-100 (at 100 MHz), Bruker WH-200° (at 200° MHz) 
or Bruker WH-400 (at 400 MHz) spectrophotometers, in the 
specified deuterated solvent with tetramethylsilane (TMS) 
aS an internal standard. 130_yMR spectra were recorded 
on a Bruker HFX-90 (at 22.6 MHz) spectrophotometer with 
deuterated chloroform as an internal standard. Mass 


spectra were recorded on an A.E.I. MS-50 mass spectrometer 


at an ionizing voltage of 70 eV. 
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For reactions run at 0°C, the reaction flasks were 
cooled in an ice water bath; lower temperatures were 
obtained by the use of dry ice-ethanol mixtures. Unless 
otherwise noted, stirring refers to the use of a Teflon 
coated magnetic bar. Melting points were determined on 
a Kofler block melting point apparatus. Boiling points 
quoted for products distilled in a Kugelrohr apparatus 


refer to the oven temperature. 


Thee 
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(B): Cyclofunctionalization of unsaturated urethanes. 
Preparation of unsaturated urethanes: 
N-Carbethoxy-4-pentenylamine (1). 4-Pentenylamine*° 
(1.45 g, 17.03 mmol) was dissolved in water (10 mL). Ethyl 
chloroformate (1.075 g, 9.91 mmol) was added and the 
mixture was Shaken vigorously for about 5 min with inter- 
mittent cooling by immersion in a cold-water bath. A 
solution of sodium hydroxide (800 mg, 20 mmol) in water 

(5 mL) was added, followed immediately by more ethyl 
Cchloroformate (1.075 g, 9.91 mmol). The mixture was 

shaken vigorously for 15 min. It was then extracted 

with dichloromethane (2 x 30 mL) and the organic solution 
was dried (Na,SO,) and evaporated. Distillation of the 
residue gave 2.398 g (89%) of (1) as a colorless and 
homogeneous (vpc) oil: bp ~90°C (2.3 mm); NMR (CDCl, 
POUORMU ror rl. 2200 t a=) (HZ eS) 4m 1. OM, ea)s, 
Be Bi rs Sae Mipeee dH) oye So- LO (Gio J-— eb sD =HZ—e2H), 4.09 (q, 
Je= 702, 2H), 4.6—6.0 (m, 4H)3 exact mass 157.1102 


iCatcderOnuc-H.=NO 15/24) 03) aeeAn al a GaLca. Lor 


SiS gs 2a 


CeH) 5NO>: CaO dk ehL 2H pie 9 « O2 ea Nien Ot ys er OUN Git GeO. 0), 


H, 9.62; N, 8.94. 


N-Carbethoxy-2-allylaniline (2). Ethyl chloroformate 
(0.66 mL, 6.90 mmol) and then sodium hydroxide (273 mg, 
6.82 mmol) were added to a magnetically stirred and 


ice-cooled mixture of 2-allylaniline*° (8832/8simg_,/ 46 164 
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mmol) and water (12 mL). The cooling bath was removed 
after 5 min and stirring was continued for 1h. The 
mixture was extracted with dichloromethane (30 mL) and 
the extract was washed with water (10 mL), dried (Na,SO,) 
and evaporated. Chromatography of the residue over 
Silica gel (3 x 55 cm) with 1:3 ethyl acetate—heptane 
followed by Kugelrohr distillation (120°C, 0.1mm) gave 
Wae5 0 yg 4843) Or £02) gasge colorless jsokid: gmp i45—.462C; 
NMR (CDCl, LOO) MHz )eeo seo 2 Ore(t, Bia. 15 Fz, “Sis iesia2 2 — 
Sauer 2) 604. LO (aye) = 7.1 Hz, 2H), 4.9—5.27) (m, 
eee eo woe (ll) sO. 04 (Drs lH) Oo o——7 S35 Lin, 
Cae Oe OCC yen Cdag Ou tay LH)i exacceamass 

ZOO Oa Calcd for C1 2H) 5NO 


LOT C1 9H) 5NO,: Cr Oisizi2 ell, Uses oN ONG am OUnC.. 
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N-Gatbethoxy72=(2Z>cyclohexenyl janzline (3)s- aghthylchloro- 
formate. (0455 bj.) - hemmo.b), andisod iam shy droxide a(2.5amdi, 
5.37 mmol) were added to a magnetically stirred and ice- 
cooled mixture of 2-(2-cyclohexenyl)aniline’ (899.6 

NGiaeo 419 mmol) -and) water 4010 mL peweAt ter the saddution, 

the cooling bath was removed and stirring was continued 
for 1h. The mixture was extracted with dichloromethane 
(3 x 15 mL) and the organic extract was washed with water 
(1.0. mL), dried (Na5SO,), and evaporated. Chromatography 


of the residue over silica gel (5 x 60 cm) with 1:4 ethyl 
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acetate—heptane and;Kugelrohr distillation (1L75°C;.0.8 
mm) gave 1.099 g (86%) of (3) as a yellow, homogeneous 
(TLC, Silica, 1:4 ethyl acetate—heptane) oil that 


solidified on standing: mp 38—39°C; NMR (CDCl 100 


Se 
Miz)mom la 245(ty ed -sadvehzyesh) jal. 3—2.42(m,_6H) ,a375 
(meh) eh snd.ba(q). J. =aiphzy.: 2H)» -5.45—6.dedm, 2H), 
SpGen ds Soe; GAH). / 5a /4924(m, iH) smexactemass 
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2a Atty ibenzorc acid (13). Magnesium turnings (16.779, 
0.68 mol) were placed in a dry 2 L, 3-necked flask 
equipped with dropping funnel, mechanical stirrer and 
reflux condenser surmounted by a CaSO, drying tube. 

Dry ether (200 mL) was added and 1,2-dibromobenzene 
(153.9 g, 0.655 mol) in ether (200 mL) was added from 
the dropping funnel at such a rate as to maintain gentle 
retlux (lh). After the end of the -addition, the mixture 
was stirred and refluxed a further 50 min, then allyl 
bromide (82.0 g, 0.677 mol) in ether (100 mL) was 

added dropwise over 1.5 h. Stirring was maintained 
throughout. Further reflux (1.5 h), cooling, and 
quenching with ammonium chloride (17 g) in water (200 mL) 
was followed by separation of the ethereal phase, drying 


(Na SO,) and evaporation at the water pump. The residue 
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was subjected to spinning band distillation. The fraction 
boiling at 91°C, (14 mm) was collected and found to consist 
of two compounds by VPC (APIEZON L, 200°C); the first 
(cevention! timesi92amin) was Ffoundisto the t2—allyl bromo- 
benzene after VPC separation (40 ft x 1/4" o.d. APIEZON T 
10% on Chromosorb W, column temperature 190°C, injection 
temperature 250°C). This sample had NMR (CDCl, 90 MHz) 
OS aera Oe (Inst eo) pee Cree. 2 4 (ING 2H) 5 Ao. Sa tm, TL )e, 
OIaepe6 (m, 4H). 

The second component (retention time 9.53 min) was 
found to be 1,2-diallylbenzene after VPC separation 


(above conditions); NMR (CDCl 90 MHz) 6 3.2—3.6 (m, 


3/ 
aa oO —— Oe (in 4H i, od = Oe 5 (I ett) i,m ot —— i eee I 
4H). By integration of the NMR signals of the distilled 
sample (52.48 g) it was established that it contained 
approximately 27.1 g 2-bromoallylbenzene (21% yield) 

and 25.4 g 1,2-diallylbenzene. 

Aeportion of this ‘sample (45g, -containing 
2-allylbromobenzene, 7.49 g, 38.0 mmol) was added to a 
Stirred; cooled (0°C) solution»or butylilithium (2.4 .M 
hexane solution, 15.83 mL, 38 mmol) in ether (20 mL) 
Overea 30 Min period, and stirred for a further 3) h at 
O0°c. It was then transferred by syringe onto a large 


excess) (ca. 3 Kg) of solid CO, and left standing over- 


night. Addition of more ether (200 mL) and aqueous 
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potassium hydroxide (10% w/v, 400 mL) was followed by 
separation of the aqueous phase. This was acidified 
(aqueous hydrochloric acid) and extracted with ether 
(2 x 300 mL), then dried (Na,SO,) and evaporated to 
afford (13) as a pale yellow solid (5.44 g, 88%) mp 
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Pemieyvibenzamide) Gi4)Gr 2-Ad lvl benzoicraci1daisis0Ng; 
32.7 mmol) in dry ether (40 mL) was treated with 
Ehionyl “chloride (25imi7o 0238 8amol)gandestirred at room 
temperature for 20 h with protection from moisture 
(CaSO, tube). The solution was evaporated and the residue 
dissolved in dry acetone (30 mL). This acetone solution 
was added slowly to a stirred, cooled (0°C) concentrated 
ammonium hydroxide solution (100 mL). After stirring 

for 1 h at room temperature, most of the acetone was 
evaporated at the water pump, and the residual aqueous 
solution was extracted with dichloromethane (2 x 200 mL). 
The organic phase was washed with aqueous sodium carbonate 
(52 weve cnx>Lo0timL),; waters (L00smbh)Mandadried (Na,SO,)- 
Evaporation was followed by chromatography over silica 

gel’) (5¢xo60%cm). with ethyl,acetate®*. Recrystallization 


from ethyl acetate--heptane gave (14) (3.18 9g, 60%) as 
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off-white needles, mp 119.5—123°C (ligeece D22=32C)r. 
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ER@(CC17)/3370;', 3175, 1645 cm ~; NMR (CDCl 100 MHz) 
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N-Carbethoxy-2-allylbenzylamine (4). 2-Allylbenzamide 
(14) (268.3 mg, 1.66 mmol) in ether (25 mL) was added 
dropwise to a magnetically stirred suspension of lithium 
aluminum hydride (212.6 mg, 5.60 mmol) in ether (5 mL). 


The mixture was refluxed for 48 h, cooled and diluted 


successively with water (0.2 mL), aqueous sodium hydroxide 


LNStaw/v., L052 emL) ftand twater 7 (026 mL) 2) “rhe tnixtune was 
Stirred with ice bath cooling during the course of this 
work-up and, after an additional 15 min, ethyl chloro- 
formate (3 mL, 31.4 mmol) was added at a fast dropwise 
rate. Vigorous stirring was continued for 30 min and the 
mixture was filtered through a sintered disc. The 
insoluble material was washed liberally with ether and 
the combined filtrates were evaporated. Chromatography 
Opecheinesidue rover ssilicasgeli@ xo0sem)y with 724 

ethyl acetate—heptane followed by Kugelrohr distillation 
CEEOSC, 0205 imm)"CgaverzZs4img 4077s) Monts) fascarcolortess 
and homogeneous (TLC, silica, 1:4 ethyl acetate—heptane) 
liquid: NMR (CDCl3, LOO02MHZ) es - Bl a2 OF Ca ems Fo Ho, SH 
32B98( Geof ud 900 1 °= 6 HZ, Jy = 1.5 Hz, 2H) Sl Eg, oe 


WMS etl)., 4.52) (bre dy, J t= 7O4HzZ, . 2H), 164 sO a my, Sa, 
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(2-Cyclopentenyl)acetamide (10). Anhydrous benzene (250 
mL) was saturated with dry ammonia, the solution being 
stirred magnetically and cooled in a cold-water bath 
during this process. Passage of ammonia was continued 
and (2-cyclopentenyl) acetic acid chiorida =) CATT OEE «fe 
82.99 mmol) was injected slowly from a syringe, the 
internal temperature of the reaction mixture being kept 
in the range 20—30°C. The ammonia stream was stopped 
30 min after the end of the addition and the mixture 

was stirred for an additional 30 min. The mixture was 
shaken with water (300 mL) and the aqueous layer was 
extracted with ether (500 mL). The combined benzene 

and ether extracts were washed twice with saturated 
aqueous NaHCO, and then with brine. The organic phase 
was dried (Na5SO,) and evaporated to atford? 43258 +g > (53%) 
ODw(2=-cyclopentenyl]) acetamide (10): mp 128—-133°C 

(rit. 7°8 mp 133°C]; NMR (CDC1,, 100 MHz) 6 1.1—2.6 (m, 
GHyepe2 6-35.38 (Dr -t, <0 (= (Cane 7ieH2,) 1H), 6558/0 (mye zi) 
Ca. 0-7. 0 [mM (ancorporating, br. NH=signal);. 2H). — The 


amide was used directly for the preparation of (5) and 


(6). 
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N-=Garbpeunoxy—2—(2-Ccycopencenyl)ethylaminer (sy). (2-CGyclo-— 
pentenyl) acetamide’ {10)(1-030°g, 8.23 mmol) in dry THF 

(45 mL) was injected slowly into a vigorously stirred 
suspension of lithium aluminum hydride (2.00 g, 52.7 mmol) 
in THE’ (10°mL). The mixture was refluxed’ for 90*min and 
it was then cooled in ice. Successive portions of water 
(2 mL), aqueous sodium hydroxide (15% w/v, 2 mL), and 
water (6 mL) were added with stirring and, after a further 
15 min, ethyl chloroformate (8 mL, 83.7 mmol) was injected 
dropwise. The cooling bath was removed and stirring 

was continued for 15 min. The resulting slurry was 
filtered through a sintered disc. The insoluble material 
was waShed liberally with ether and the combined 

filtrates were evaporated. Chromatography of the residue 
over Silica gel (5 x 65 cm) with 1:4 ethyl acetate— 
heptane and Kugelrohr distillation (118°C, 0.18 mm) gave 
Pero Sect Ae Od 6) OL (>) as a colorless, homogeneous (TLC, 
Silica, 1:4 ethyl acetate—heptane) liquid: IR (film) 
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1,1-d.-N-Carbethoxy-2-(2-cyclopentenyl) ethylamine (6). 


This compound was prepared (83%) by the same method used 
for (5) except that lithium aluminum deuteride was 


employed in the reduction step. Compound (6) had: NMR 


(CDCL £00 MHZ) foe. 0—1. salma incorporatingat)av 


ae 
geeatize) at 17285504 86H )§ Pan 8—2 .5. (m> SH)S7O..7etbreat, 


De-aca. OO HZ, 15H) 24613 hoen0, = Je22hzer 2h)ey 4686 Abrees, 


af) fo. 55. 99m, ZH exact, mass) 85213900 [catied. for 


GAH a Ds NO 


10%15?2 16 Dt) 38). 


oe 


2-Undecylhept-6-enoic acid (oan Butyllithium (2.4 M 


heptane solution, 20.9 mL, 50.16 mmol) was added dropwise, 


under nitrogen, to a magnetically stirred solution of 
dry diisopropylamine (4.90 g, 48.4 mmol) in THF (30 mL). 
The internal temperature of the reaction mixture was 
kept below -10°C by uSing an acetone—dry ice cooling 
paths Tovdecanoics acid-n(4. / bSig, 1225100emmol inne THE (30 
mL) was injected 10 min after the end of the addition at 
such a rate that the cooling bath was able to maintain 
the temperature below 0°. Hexamethylphosphoric triamide 
(4.5 mL, from a freshly opened bottle) was added in one 
lot, the cooling bath was removed, and the mixture was 
St BPeredmt Om .3 0) min. 5=Bromopentene s-” (3°26 5¢ oy ¢ZAr.. 2.6 
mmol) in THF (20 mL) was then injected very rapidly, 
causing the temperature of the mixture to rise from -5° 


to +5°. Stirring at room temperature was continued 
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Overnight. At that stage the mixture was diluted with 
HVGAsbOGChDLOric acid «(0% wv 7.100 mL)” andtextractedawith 
petroleum ether (400 mL; bp 30—60°C). The organic 
solution was washed with hydrochloric acid (10% w/v, 
3 x 100 mL) followed by brine and it was then dried 
(Na,SO,). Evaporation afforded 6.033 g (97%) of the 
product in a form sufficiently pure for the next stage. 


The material had: NMR (CDCl 0.0) MHZ.)% 6:205°65—2.5-7 o(mi; 


Sy 
G0) pte e552 8(I0, 22H), 5 oO, Gy. O(m), oH) paca Hel 0 eCbr. 
s, 1H). A sample of the bulk product was analyzed. 


Diol macaled, Lox. Ci gH3 40: 


Cee Qt Hy eZ 22-9. 
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N=Carbethoxy—6-amino—-l-heptadecene (7). 
chloride (40 mL) was added to a solution of 2-undecylhept- 
6=enolce, acid (6.03 g, 21.35 mmol) in dry ‘toluene (40 mL) 
and the mixture was stirred, with protection from 
MovUSeULe,71Or 3.5 sn. At this ‘stage formation of the acid 
chloride was complete (IR control) and the solvent and 
excess of reagent were evaporated in vacuo at room 
temperature. The residual acid chloride was dissolved 

in dry acetone (30 mL) and added to an ice-cold solution 
Ofesoamumeazide «G7.0.¢0, 107.7 mmol) jantwater “(502mk).. 

The resulting suspension was stirred at room temperature 


for 1h, diluted with water (100 mL) and extracted with 


toluene (200 mL). The organic layer was washed with 
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brine, dried (Na,SO,), and evaporated at room temperature. 
padeianenys The crude azide (Sn tem ZS 5 emis) was 
dissolved in dry toluene (100 mL) and the mixture was 
protected from moisture by a calcium sulfate tube and 
heated in a thermostatically controlled oil bath at 95°C 
for 3 h. At this stage all the azide had been converted 
into the corresponding isocyanate (ORE 2270 emt). 
Absolute ethanol (20 mL) was added, and heating at 95°C 
was continued for 40 h. During this period the isocyanate 
was converted into the ethyl carbamate (7) (TReCOnEre!):. 
The mixture was evaporated and the residual solid was 
subjected to flash chromatography over silica gel 

(Sox 16 cm)“with 1:15 ethyl acetate—heptane!ito: afford 
ZoyeSa Geof (7 )ijasyacwhi te, © homogeneous; (TLC ysitiea, 

1:8 ethyl acetate—heptane) solid: mp 56—57°C. [An 
impure fraction (702 mg) was also obtained but was not 
processed further.] Recrystallization from methanol 
gave~2.499)g (35%) 70f (i). sump. 617'5—— 6s Cae LR (solid) 


1684 Ce NMR (CDCl 1.00 MHz)e6 ©.65—2.353(m;' 32H), 


3 
Beb5, (brias ,720)G. 388 5——4755e [mje (ancorporating#tg, 6JG= 
feuzaat io, 42,08) >) 3H), 8428—5. 28(me. 2H), 5. 55—6.:0: (my, 


Lj wexaCe ry maSSeo25.29 (1 Caled tor Co 9H NO, 325.298 Fi 
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NeCarbethoxy-2-(3-methyi-—2-—butenyl) aniline’ (8): 


2-(3-Methyl-2-butenyl) aniline’ 


(S202 ]o nig? sl. 93emmnol) 
was suspended in water (5 mL). The mixture was stirred 
magnetically in an ice bath and sodium hydroxide (90 mg, 
2.25 mmol), followed immediately by ethyl chloroformate 
GO. 22 mu V2. Stammol)i,, wasmaddea=s After a’ further “5 min 
the cooling bath was removed and stirring was continued 
for 1h. The mixture was extracted with dichloromethane 
(30 mL) and the extract was washed with water (5 mL), 
dried (Na,SO,), and evaporated. The residual oil was 
chromatographed over silica gel (2 x 50 cm) with 1:1 
ethyl acetate—heptane and then distilled (Kugelrohr, 
UZ0CC ,a.0.0 "mms toe aitord 4.08%" mg (90s)stoG (8) asa 
colorless, homogeneous (TLC, Silica, 1:2 ethyl acetate— 


heptane). liquid: 4NMRF (EDCT L.OOCMEZ)*.6 Slva28" Cee a= 


au 
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Hap eco 42 ON Ge d= 97 HZ, 2H) G25. 20 (G OLkm, ~1H)* 6627 


CDi eeo gE Lii)2, 96 3.O—— 1). 410 OL) ane) en OC er eats Oi6 EL): 


exact mass 233.1419 [calcd ‘tor C14 Hy No: 
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Roundcee Ca 25.05. is 2 Oa NG Oe OO. 
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Cyclized Urethanes: 


(+) -N-Carbethoxy-2-[(phenylseleno)methyl] pyrrolidine (la). 


Tri-n-butylphosphine (413 mg, 2.04 mmol) was injected 


dropwise over about 3 min into a magnetically stirred 
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solution of (+)-N-carbethoxy-2- (hydroxymethyl) pyrrolidine 


1 


(asics (232 mg, 1.34 mmol) and phenylselenocyanate (282 


moj.e. 347 mmo l)o aneTHE «(2.5 sath) ee The red solution was 


stirred under nitrogen for 2 h and it was then evaporated. 


Chromatography of the residue first over silica gel 

(1 x 50 cm) with 1:1 ethyl acetate—heptane and then 

over Silica gel (1 x 50 cm) with 1:3 ethyl acetate— 
heptane followed by distillation in a Kugelrohr apparatus 
gave 87 mg (20%) of (la) as a pale yellow, homogeneous 
(TLC, Silica 1:3 ethyl acetate—heptane) oil: bp 130°C 


(0.15 mm); IR (CC1,) 1700 Chie wINMR(CDGIn; 32°G0meS eba2 


ae 
Goce s.e/e Hz. BH) ele — 2. am, 4) 24432106, (m, 
LTijmaro 0G——31..6 (ye 3H)1, ie 74——4niseuim: (incorporating g, 
ass Ze ath PANO Gyc6 92H le ne/ 102 -——7.- 372 (aS) a) Oe 70 0 
Gin 2ideyv1 AnaitAiGal cdMior C1 4H) oNO>Se: Gee SS8erG sais, 
CML 3 tN 6 047.4900 Ovnel O22 5emaTRoundeigeC aber CHAP Aa -6r210 ; 


N: 24.08 tO, 0-13 3). 


General Procedure for Cyclofunctionalizations: 


(Reaction times are specified in Table 2). 


N-Carbethoxy-2[(phenylseleno) methyl] pyrrolidine (la). 


N-Carbethoxy-4-pentylamine (1) (378.5 mg, 2.41 mmol) and 


Silica gel (735 mg) were weighed into a dry round-bottomed 


flask. A magnetic stirring bar was added and the flask 


was closed by a rubber septum carrying inlet and exit 
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needles for nitrogen. Dry dichloromethane (10 mL) was 
injected and the resulting suspension was stirred and 
cooled by an acetone—dry ice bath at -78°C. Benzene- 
selenenyl chloride (514.4 mg, 2.69 mmol) in dichloro- 
methane (8 mL) was added dropwise, the addition taking 
Caweeu min: | The=red colrorsoL each drop was duscharged 
instantaneously. More solvent (2 mL) was used to rinse 
all the reagent into the reaction vessel. The exit 
needle for nitrogen was removed and vigorous stirring 

was continued first for 10 min with the cooling bath in 
place and then for 75 min without the bath. During the 
latter period the reaction flask was wrapped with 
aluminum foil. The yellow suspension was filtered 
through a sintered disc and insoluble material was washed 
with ethyl acetate. The combined filtrates were evaporated 
and the residue was chromatographed over silica gel 

(2 x 57 cm) with 1:4 ethyl acetate—heptane. When the 
diphenyl diselenide had been eluted the solvent was 
changed to 1:1 ethyl acetate—heptane. Appropriate frac- 
tions were combined, evaporated and distilled ina 
Khugelronr apparatus (130°C, 0.01 mn) to vattord 706.2" mg 
(93%) of (la) as a yellow, homogeneous (TLC, silica, 1:3 
ethyl acetate—heptane) oil spectroscopically identical 
with material made from racemic proline. The present 
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0°C) 6 Lr04—1-4 (two°overlapping ‘t, J Pel uz SH), 


ao weno, tH )e were oO. OM, LH), 9S 09 ——orr ee Naa, 


Sj. i244. SO. In (ancCrpoLracing ay J Weuzeatra UG 6)"; 
3H], 7.04—7.39 (m, 3H), 7.39—7.75 (m, 2H); exact mass 
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N-Carbethoxy-2,3-dihydro-2-{(phenylseleno)methyl] indole (2a). 


Tnewgeneral method was followed, using N-carbethoxy—2— 
allylaniline (2) (/G27 mq, 0.35/74 mmol) and srvitca,gel 
(85.0 mg) in dichloromethane (1 mL) together with 
benzeneselenenyl chloride (74.8 mg, 0.391 mmol) in 
dichloromethane (1 mL plus 0.5 mL aS a rinse). After a 
reaction period of 24 h at room temperature work-up in 
the standard way and isolation by PLC (one silica plate 
developed with 1:5 ethyl acetate—heptane) followed by 
Grstillationhin a(‘KugelLrohrnecapparatus (203°C, .0.L3 .mm) 
gave 114.9 mg (85%) of (2a) as a homogeneous (TLC, silica, 
a 


1:4 ethyl acetate—heptane) oil: IR (film) 1703 cm; 


NMR (CDCl LOO0aMHZy5322.6)) (Ghlhede (eyo eae] ol QHZ Ai Sh); 


3s 
246435520 (my) 4H) 94229 (Gnu So4e1+HZ.,y2H) p54. 3)—--4.12 


(m, 1H), 6.73—7.90 (m, 9H); exact mass 861.0607 [calcd 
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In an alternative procedure, alumina (Merck type E, 


PF-254, oven-dried at 130°C overnight) was employed instead 
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of silica gel as follows: The general method was followed 
musang 3(2), (113-47) 9g, 02554) mmod) sand; alumina, ((403 ‘mg)icin 
dichloromethane (2 mL) together with benzeneselenenyl 
chloride (115.5 mg, 0.603 mmol) in dichloromethane (3 mL 
mene 1 mL rinse)). PALters.a reaction periodjof 17 h at 
room temperature, work-up as usual and isolation by PLC 
(aASmabOV.C)s.£O.LLOWCOmMDYahUGe LUCONrAGLStiLVat.ons.(.9. 026, 

0.07 mm) gave 176.0 mg (88%) of (2a), identical (TLC, 

IR, NMR) with the sample obtained in the run employing 


Siiaca gel. 


(la, 4aa, 9aa) -9-Carbethoxy-1-(phenylseleno)-1,2,3,4,4a,9a- 


hexahydrocarbazole (3a). The general method was followed 
using euN—-canbethoxy.2-(2-cyc lohexenyj) amidbineny 3)ee2 65.0 
mg, 1.08 mmol) and silica gel (1.020 g) in dichloromethane 
(5 mL) together with benzeneselenenyl chloride (234.2 mg, 
1.22 mmol) in dichloromethane (2 mL plus 1 mL as a rinse). 
After a reaction period of 24 h at room temperature work- 
up in the standard way and chromatography over silica 

gel* (39 x) 60 cm) with; 129~ethyl tacetate—heptanes followed 
by crystallization from methanol gave 355.1 mg (82%) of 
(3a) as a white, homogeneous (TLC, silica, 1:4 ethyl 
acetate—heptane) solid: mp 99—100°C; IR (solid) 1704 
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cm ~; NMR (CDCl 100 MHz o2eC) ol 20—223 [m, 
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2-Carbethoxy-3-[(phenylseleno)methyl]-1,2,3,4-tetrahydro- 


isoquinoline (4a). The general method was followed 
using N-carbethoxy-2-allylbenzylamine (4) (212.4 mg, 

0.97 mmol) and silica gel (389 mg) in dichloromethane (3 
mL) together with benzeneselenenyl chloride (201.3 mg, 
1.05 mmol) in dichloromethane (2 mL and 1 mL aS a rinse). 


After a reaction period of 16 h at room temperature 


work-up in the standard way and chromatography over silica 


gel (3 x 50 cm) with 1:5 ethyl acetate—heptane followed 
Dye nice -ronr distillation (2Z00°C,.0, 14mm) egqave, 315.6 img 


(872) of (4a) as a pale yellow, homogeneous: (TLC; 1:5 


ethyl acetate—heptane) oil: IR (film) 1701 cm+; NMR 
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(3aa,6a,6aa) -1-Carbethoxy-6- (phenylseleno) octahydrocyclo- 


penta [b] pyrrole (5a). The general method was followed 
Using N-carbethoxy—2=(2-evelopenteny!l)ethylamine (5) 
ez0°mg, 1. 75*mmol) and silica gek-(290 mg) in dichloro— 
methane (3 mL) together with benzeneselenenyl chloride 
(Soramg);, 1.92) mmol) in dichloromethane ((4 mi plus?) mi 

as a rinse). After an overnight reaction period at room 
temperature work-up in the standard way and chromatography 
Over Silica gel (2 x 60 cm) with 1:4 ethyl acetate— 
heptane followed by Kugelrohr distillation (180°C, 0.1 
HjeraccLOrded 556.1 mg =(94%) of) (Sa) asvasyellow, 


homogeneous (TLC, Silica, 1:4 ethyl acetate—heptane) 
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oil: IR (film) 1699 cm ~; NMR (DMSO-d 2005 MHZ; 10°C) 
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Geel. 2) (tf, J-= 7 Hz, 3H), 1.226—2.2 .(m, 6H), 2. /7/4—2..98 
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2,2-d.-(3aa, 6a, 6aa) -1-Carbethoxy-6- (phenylseleno) octahydro- 


cyclopenta[b]pyrrole (6a). 1,1-d,-N-Carbethoxy~2 (2-cyclo- 


pentenyl)ethylamine (6) was converted (83% yield), by the 
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method used for the non-deuterated material, although on 
a.smMaller scale, into (6a) NMR (DMSO-d, 400..MHz, 70°C) 
OMe Oe t yt) HZ eo) 63 Os— 1] 5 (My H) pd DOM Gs 
Gian WS aber eo Dezel) ep O4— 1s 7 (eae Oo Oa 
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Sree a0 (Ml, LH), aeteo ADE sd, J9= 6.5 HZ, LH) els 2c 

T=250-(m, SH), 7.52—7.66—(m, 2H): exact mass 341.0864 
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(calcd tor C3 Hy 9P2N0> Se, 341.0863). 


N-Carbethoxy-—cis—cyclopentano |b] pyrrolidine .(us)y- 
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(a) 2-Oxo-cis-cyclopentano [b] pyrrolidine 
0.97 mmol) in dry ether (7 mL) was added over about 5 
min to a magnetically stirred suspension of lithium 
aluminum hydride (190 mg, 5 mmol) in ether (4 mL). The 
mixture was refluxed under nitrogen for 3 h, cooled in 

an ice bath and diluted, with stirring, by successive 
portions of water (0.2 mL), 15% w/v aqueous sodium 
hydroxide (0.2 mL), andwater (0.6 mL). The: ice bath 
was removed for 15 min and then replaced. Ethyl chloro- 
formate (1.13 g, 10.4 mmol) was added dropwise, the ice 
bath was removed and stirring was continued for 30 min. 
The mixture was filtered and evaporated. Flash chromato- 


Grapny of the residue over sca wel (2x17) cm) with 


1:4 ethyl acetate—heptane followed by distillation ina 
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Kugelrohr apparatus (95°C, 0.25 mm) gave 109.9 mg (623) 
of the product as a colorless, homogeneous (TLC, Silica, 
1:4 ethyl acetate—heptane) oil identical with a fully 
characterized Ssamplesmade by reduction ofsi(5a) withotra— 


phenyltin hydride as follows: 


(b) (3aa,6a,6aa) -1-Carbethoxy-6- (phenylseleno) octahydro- 
evelopentafb| pyrrole, (ls) (4138.5 mg,. 1.237 mmol) was 
dissolved in toluene (6 mL). The mixture was stirred 
magnetically and refluxed by using an oil bath maintained 
aGtmea0eC sr Tmt pneny Lean nydride, (1.17 88.0,05.5500 mmol) 
was added by syringe. The syringe was rinsed with 
toluene (1 mL) and the rinse was added to the reaction 
mixture. Reflux was maintained for a further 4 h. 
Evaporation of the solvent and flash chromatography of 
Enemrestaue, over, silica gel (57x elo, cmmwithelosc5 ethy. 
acetate—heptane gave, after Kugelrohr distillation (95°C, 
Oe ominmn je, (1S) pasta coloriess OPI (22271 MG; 90.10 6 )r 
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The product had IR (CCl,) 1707 cm ~; NMR (CDCl, 200 MHz) 
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cis-N-Carbethoxy-2-(phenylselenomethyl1) -6-undecylpiperidine 


(7a). The general method was followed using N-carbethoxy- 


G-amino—l—heptadecene™ (7) (360-7 mg, 1-106 mmol) and 
Silica gel (950 mg) in dichloromethane (12 mL) together 
with benzeneselenenyl chloride (236.1 mg, 1.232 mmol) in 
dichloromethane (2.5 mL plus 0.5 mL as a rinse). After 
a reaction period of 40 h at room temperature the mixture 
was filtered and the insoluble material was washed with 
ethyl acetate. The combined filtrates were evaporated 
and the residual yellow oil was subjected to flash 
chromatography over silica gel (3 x 18 cm). Heptane was 
used to elute diphenyl diselenide and elution was then 
continued with 1:4 ethyl acetate—heptane to afford 449.9 
mg (84%) of (7a) as a homogeneous (TLC, silica or alumina, 
ut 


1:9 ethyl acetate—heptane) oil: IR (film) 1693 cm; 


NMR (DMSO-d 707 Ga 20 O MHZ yO mre ee ee — Ore Oyen Try 
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ers -N ear bethoxy—2 meu —o-undecy | piperidine ie 

C15 -N-Carbethoxy—2—-"pneny1selenomethy!)-—6-undecylprperidine 
(Ja) (Osi mgy7 1s 345" mmo) wast dissolved “instoluene (12 
mL). The mixture was stirred magnetically and refluxed 

by using an o11% bath maincained “at 120°C. “Portions” of 
triphenyltin hydride were injected from a syringe as 
follows, all the material being rinsed from the syringe 
art ermeacim injeCtlomnmy-— ae smaide amount=+(Ca.= l min= OL 
toluene: 409 mg (1.165 mmol) as soon as reflux started; 
Slseme- CO. 692 mmol) atter-0%75 hy %63:0> mo (F795. mmol) after 
Zope, and 400" mg (as Soe mnol)e-arter' sh. ="Refluxing was 
continued for a further 19 h by which stage no starting 
material was detectable (TLC). Evaporation of the solvent 
and flash chromatography of the residue over silica gel 

(5 x 15 cm) with 1:99 ethyl acetate—heptane gave 414 

MmGe 9638) "Of (29) tas artraintlyes yellow O11 "Examination 

by TLC revealed traces of uv-active impurities judged by 
NMR to amount to less than 2 mol % (assuming the impurity 


Signals are due to triphenyltin groups). FT-IR (film) 


GS cle NMR (CDCl,, 100 MHz) 6 0.72—2.0 (m, 35H), 
34 94—4 .57"9 (br. ‘signal’ ‘overtappang,g¢,\0"%= 77> Hg at’ 4.13 
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Gisec-Meeny |) -6-undecyipiveridine ) (19). o cis-N-Carbethoxy-— 
2-methyl-6-undecylpiperidine (29) (140.4 mg, 0.431 mmol) 
was stirred with 95% ethanol (7 mL) and concentrated 
hydrochloric acid (8 mL). The mixture was refluxed for 
88 h, cooled and evaporated. The residue was diluted 
with water, made strongly basic with sodium hydroxide, 
and extracted with ether. The extract was dried (Na5SO,) 
and evaporated. Flash chromatography of the residue 
over silica gel (2 x 17 cm) with 1:5 ethyl acetate— 
heptane gave 100.4 mg (71.5%) of starting material. 
Elution was continued with ethanol containing 2% w/v 
concentrated ammonia solution to afford 29.1 mg [26.6% 
(93.4% afer correction for recovered starting material) ] 
ona (19) as a pale yellow, homogeneous (TLC, alumina, 1:7 


ethyl acetate—heptane) oil: NMR (CDC1l 200 MHz) 6 
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98.0966 [base peak, calcd for C N (M-C 98.0969]. 
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The amine was converted into its hydrochloride (by pass- 
ing hydrogen chloride into an ethereal solution) which 
was recrystallized twice from 1:10 ethanol—hexane: mp 
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N-Carbetnoxy-2,5-danydro ma -methy 1-i-pheny lselenoyethy lL} — 
mnidote (8a) andeNacambetnoxy—2,2-dimethyi—3—(phenylseleno)— 


Woo eet lanyOnoguino ines (0b). Apart rom the presence 
of propylene oxide as an acid trap, the general method 
was followed: Benzeneselenenyl chloride (191.1 mg, 0.99 
mmol) in dichloromethane (2.5 mL plus 0.5 mL as a rinse) 
Wasmoacdcdedmats—/3°CeLOvaeS ci rred mixture Of N-Carbethoxy— 
eat Merny 2-burenyayonivine” (8) "(214 mg, 0-92 mmol), 
propyl_enes,oxide)(lamL)i,0and silica: gel. (572-mg))in 
dichloromethane (5 mL). After the usual 10 min reaction 
period, the cooling bath was removed and stirring in the 
dark was continued for 70 h. The mixture was filtered, 
the silica gel was washed liberally with ethyl acetate 
and the combined filtrates were evaporated. A chromato- 
graphically homogeneous (TLC, silica, 3:1 benzene— 
heptane) product weighing 271.1mg (76%) was isolated by 
PLC (2 silica plates, developed once with 3:1 benzene— 
heptane). The NMR spectrum showed the material to be a 
Ma xLuresoLa( 84) eandad 8b) One theeratioroteca,) 51249. 
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spectrum of the mixture also showed am at 6.78—7.81 
(9H). The material was characterized further by reduc- 
tion with triphenyltin hydride. The material (50 mg) 

was recovered unchanged after a 140 h period of stirring 
at room temperature in dichloromethane (10 mL) with silica 


(200"mg) . 


N-Carbethoxy-2,3-dihydro-2-{ (1l-methy1) ethyl] indole (24) and 


N-Garbethoxy—-2;,2-dimethyl-172,3,4-tetrahydrogquinoline (25). 
Triphenyltin hydride (698 mg, 1.99 mmol was added to a 
solution of (8a) and (8b) (235.9 mg combined weight, 

0.61 mmol) in toluene (5 mL). The mixture was refluxed 
for 4.5 h (nitrogen atmosphere), cooled, filtered through 
a small pad of glass wool, and evaporated. The resulting 
grey Slurry was distilled in a Kugelrohr apparatus (130°C, 
0.1 mm) to afford a colorless liquid which was chromato- 
graphed over silica gel (2 x 55 cm) with 1:15 ethyl 
acetate—heptane to give 116.3 mg (82%) of (24) and (25) 
as a chromatographically homogeneous (TLC, silica, 1:15 
ethyl acetate—heptane) oil. The two components were 
separated by preparative vpc [40 ft. x 1/4" o.d. Apiezon 
T 10% on Chromosorb W; column temperature 180°C; injec- 
Clone vemperacuceszo05Cl.aCcompounds (25)i2)) LR» (£21m) 
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1700 cm ~; NMR (CDCl 100° MHz) 6.1.28 (t, J = 7 Hz,. 3H), 
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233.1419). ‘Compound (24): IR 
3! 10:0 OMHzZ jets LOSE (aeser= t7 
Bape, OF9 Bld, Aces Os, 2H) Pol S34 {t, bike NH ZAtsH):, 
2—=—2.. SU(m SLA)ip 2736—=—3i. 35 Sm 28) 3295 455.5 im 
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Mi prohiyy ei — seo tm, oLH) Aim/en(rel. intensity) ¢233 
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composition of the mixture before vpc separation was ca. 


£52 (24 jivand]552%(25) tas guadgedtby NMR. 


NMR studies: 


(zy) CLEN=Garbethoxy =4spentenylaminep¢l) w(30. 92mg; 


OU S62nmne)) SinedrylC DC ye .0.5 mL) biniatSommetnMeR tubeithat 


s 


was cooled to -75°C, was treated dropwise, with shaking, 
with benzeneselenenyl chloride (38.0 mg, 0.198 mmol) in 


ary CDCl, (0.5 mL plus 0.2 mL rinse), and the resulting 


3 
reaction was monitored by NMR (100 MHz) within the 
temperature interval -50°C to room temperature for 2 h 


and at room temperature for 2 h. The observations are 


summarized in the discussion. 


(2559) (8) :N-Carbethoxy-2-(3-methy1-2-butenyl) aniline 


CS )i(24754 «mg, 90. OS smmol)minvdryeCDCl. (0.3.mL) jinia 


© 


5 mm NMR tube at -75°C was treated with benzeneselenenyl 


Chloride. 20°..07mg, 80> | Lemmoty mi neeDClL = (0.5 mL. plus 0.3 
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0.3 mL rinse) with shaking. The reaction was monitored 
by NMR (100 MHz) within the temperature interval -50°C 
EC room temperaturesover, Ca. .2 h and at room temperature 
OverECa. 24ah. \ALteruca.jsl h at -50°C, the NMR data 
were consistent with a single species, identified as 
N=carbethoxy-2=(3-—chioro-3-—methy1~2-phenylseleno) aniline 


(26) having: NMR (CDCl POOSMHZ Vise vO pls 25 t= eZ, 


37 
3H), 1.76 (s, 3H), 1.81 (s, 3H), 2.81 (d of d, J, = 15 
HZ, J5 = Ea eVAre BED) a) SIA) (oh ae IA APA Bsn Shoo. (she 
eee te ei.) Uae ORC Gi MLZ, ON), (Ors cme Veh oe Il, 

9H) The NMR spectrum was essentially unchanged up to 
BOOMeeeNPeLatuLe fOr i2—— 3 hn, athen .(6a)" became apparent. 
Race re LOmisaceLOOMmteMpCracuLel(20). anda (sajewebe, present 
in a ratio of approximately 7:3 [by integration of singlets 
Greoml a Osanna t.0l tom (2o6)mand,ac.o.l.O2eandy 1.427 for 
(Sava Onsturther Standing at sroom temperature the 
mixture became slightly cloudy, the NMR spectrum (broad 
lines) did not appear different. After a total of 106 

h at room temperature the mixture was filtered [cotton 
wool; dichloromethane rinse] and evaporated to afford an 
oil having a complex NMR spectrum which indicated (26) 


and (8a) in equal proportions to be present as well as 


aiittie (8b) and other, unidentified, impurities. 
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Gyelrzaction attempts onemo: 


(1) To a Stirred, cooled (-50°C) solution of 
NocaroechOxy—-2—-\s—-metuy 1-2 —-butenyl) aniline (6) "(124.3 mg, 
0.533 mmol) in dry dichloromethane (5 mL), benzene- 
selenenv. chloride (123. 13mg,, 0,042, mmol), 1n.adichloro-— 
methane (1 mL plus 1 mL rinse) was added (main portion 
over 5 min). The yellow solution was stirred for a 
further 30 min at -50°C, then allowed to reach room 
Lenperature (Over ca, 30 min) sand. stirred forearturther 
30 min. Evaporation gave a crude oil which was shown 
[TLC (Silica, 1:4 ethyl acetate—heptane)] to consist of 
diphenyl diselenide, some starting material, only traces 
Otecyciizeds products i[(8a)" and/or (5b))],,and, a major 
DEOOUCTOWLtL RE =. 0725.6.) Plashschnromacography Over .silica 
gel (2 x 18 cm) using 1:8 ethyl acetate—heptane gave 
a pure (TLC, silica, 1:4 ethyl acetate—heptane) sample 
Of eN=carbethoxy—2—(3-hydroxy=3—-methy1l-2—-pheny,seleno) = 


enidinee (27) etl LO. moe 53.36) 8 naving NMR (CDCI 200 
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2H) 744.90 Ss, 21)» GASO—7755° (m57.9H)+e8s 7Oekbress, LH): 
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exact mass.407.1005 (caled for C5 9H,5NO0, Se, 407.0999). 


(ii), TO a Stirred, cooled (—50°C) tsolution of 
N>carbethoxy—2-(3-methyl—2—butenyl)aniline, (8) (100 mg, 
0.429 mmol) in dichloromethane (5 mL), benzeneselenenyl 
chloride (103.5 mg, 0.540 mmol) in dichloromethane (1 mL 
plus 2 x 1 mL rinse) was added dropwise (main portion 
CvVer 5 min). Apter a further 45 min at. —50°G,) the: mixture 
was allowed to reach room temperature (ca. 30) min), 
evaporated and chromatographed over silica gel (3.5 x 70 
cm) using dichloromethane. A TLC-pure (silica, dichloro- 
methane) mixture of (8a) and (8b) (3:1 by NMR, 108.3 mg, 
65%) was obtained. Kugelrohr distillation on a 60.0 mg 
sample (210°C, 0.1mm) gave 55.4 mg (92.3% recovery, 

603 ,0verallucycltzacionsy eld) son. (Sa)eand (8b), 7S6111 
In sa 63 se ratio-s(NMR, 21 002MHZ)rAgeAs portion of .thisssampLe 
(35.mg) in.dichloromethane  (5.mE) wassstirnned oforns75<h 
in the presence of dry silica gel (305 mg). Filtration 
and evaporation gave a mixture of (8a) and (8b), (36 mg, 
100%). .pure aby.-TLE j (above <conditions) ~_.StidbLein +the ratio 


OE. 13-2 La (NMR uel 004MHZ)y. 


(121) Toa, Starred, cooled) (—50°C); mixture of 


Nacacbernoxy-2—14 3 -metny.| —~2—pbuteny.)) aniline (8) (98 mg, 
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Or 420 mnol), dry siiicarytno>.9 mg) and dichloromethane 

(2 mL), benzeneselenenyl chloride (92.0 mg, 0.480 mmol) 

in dichloromethane (2 mL plus 1 mL rinse) was added (main 
portion over 5 min). The cold bath was removed and the 
Suspension stirred overnight. Evaporation and PLC (one 
Silica plate, 1:4 ethyl acetate—heptane) gave a crude 
samplesotie(8a) o(96)48ng, 659.82, -containingglittlesp,afaany, 
(8b) ) which was not processed further, and, as a major 


side-=product, N-carbet hoxy-2-(35chlero-2-methylbutyd) = 


aDLLInGat oaOsMgyatat)ce fNMR CDCl 1 00RMEZ hom). 2on( ty 


3" 
e-meniz, si), 2.56 "(s, .OH), 1./—2.0 (m, 2H), 2.6——2.85 
(Mipeee tie, eea oer ea eZ et), Os OME Ding uS py eli) ays Um 
om tig oH)e,el Oe CO Or, on = Col eO HZ) LH) Ae (rer. 

PENS 1 ty jog? Oma adele COMMOL neo eremel O,UeminAULOjeye 40. (04:3.:3) , 


2a 2) 


(iv) To a cooled (-75°C), stirred suspension of 
Necarnbethoxy =2-\(3smethy1l=2—buteny!) aniline (E95 7g, 
0.514 mmol) and dry alumina (378.1 mg) in dichloromethane 
(3 mL), benzeneselenenyl chloride (105.3 mg, 0.550 mmol) 
in dichloromethane (2 mL plus 1 mL rinse) was added 
(main portion over 5 min). The cold bath was then removed 
and the mixture allowed to attain room temperature, and 
Stinred evyernighty(Case22an) wagers Lerationsathrough a 
Sintered disc and evaporation, followed by PLC (one silica 


plate with 3:1 benzene—heptane) gave unreacted (8) 


(110.7 mg, 92.5% recovery) as a pale yellow oil, identical 
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(NMR) with an authentic sample. 


(Vj lOnadmscl Ged mcooLea. (—20~C) = SOlUutlonsOLIN- Calo 
Sernoxy—e- s-methy) —-Z-putceny.janiline (8) (lblymg;. 0.476 
mmol) in dichloromethane (3 mL), benzeneselenenyl chloride 
(111 mg, 0.58 mmol) in dichloromethane (2 mL plus 1 mL 
wince) was added. (maine poreioOn, OVEr Ca. Semin)... The cold 
bath was then removed and, after an overnight period at room 
temperature, evaporation and flash chromatography over 
Silica gel (3°x 18 cm) using 1:60 ethyl acetate—heptane 
Pavemcecrude mixeurenOt (oa )r-anG, (8b)e (98 °mg,.55%,. Ca. Gis3 


by NMR). 
(C): Reactions of Vinylsilanes with Selenium Electrophiles. 


2-Phenylseleno-2-trimethylsilyl ethanol (GBlan Silver 
Erifiuoroacetate (846 mg,4_3.630 mmol) jin dry THF. (5 mL) 
was treated dropwise under nitrogen with benzeneselenenyl 
Chiorides (608 ma, 3.174 mmol) eins THea(somL.plus. l2mL 
Tanseynover 10 ;mincwe ALteCr sa curthner.periog, Of. 5 minvat 
room temperature with magnetic stirring, the thick 
suspension was cooled to -75°C and treated with trimethyl- 
vinylsilane (37) (S0SSInG peo. O7 seme) | an THE. (25m). 
After 10 min the cold bath was removed and the mixture 
was stirred 2 h at room temperature with protection from 
light. The silver chloride was then filtered off through 
a Celite pad (5 x 2 cm) and the pad washed with more THF 


(2 x 20 mL). The filtrate was evaporated and redissolved 


ba 


i“) of 70 ac iiful ioe (D 


a>. 


ed 80 brs: 


.0 ree) te) oaks inet tynsdict 
sido iynensloeenwtd . ) (er £)° Senael moxols 
* es 7 7 s 
tq iors) adivomoxoltinih at’ (1 que 
- : : 
be 
1 & .e> teva mottxedq atem)” bebber 
ire 
oyo as ge | & 4 be hevomet 
. shi ¢aslit Baa sotstetogsva’ Stu: 
= 
‘ \Aa-f Ms i vo i ir 1 {seu 
‘ ast pas 5 Cx ty Tey 
os 1 
7 ; to Sauaxim obe 
: tulynty to anots9 
Lytton 13~S-onsloalya | 
- 8} 976 — 1Ou, 
an 
persion bau gaiwqoxrh ” be “4 
ag xe & 4 «ole OL teve | 
gals ttanpma thw etessxege 
a 
. 3 0U4i005 ane" Oka 
* ms 7 
; (Ciigmme ft: em BOL) (TE ey” onstiety 
) one saw dia Blov sit nim 0 
7 oi _ 
ong dgiw otetaveqmed moot 36 1 'S Bextarss 
% ™ - 7 ; 
csoumrih? med? sav Shbvoina zevita sav, 
> 
Loran Bag std See Co $ x @)° . "3 
‘ 24 bits bevewogeve Sey oe rar (ait 


“4 ~~ a! 


. 7 


ie 


in methanol (20 mL). 

Sodium hydrogen carbonate (1.65 g, 19.64 mmol) and 
water (5 mL) were added and the mixture was stirred over- 
night at room temperature. Most of the methanol was then 
cautiously evaporated at the rotary evaporator, and 
ether (50 mL) and water (50 mL) were added to the residue. 
The organic phase was separated, washed with brine (50 
mL) and dried (Na5SO,). Evaporation followed by flash 
chromatography over silica gel (3 x 17 cm) with heptane 
containing increasing amounts (8%—25% v/v) of ethyl 


aqceLace, “Gave, 4506), (Gco.. MG, O)./s)\ as arcolorfless™*oil, 


pure by TLC (Silica, 1:5 heptane—ethyl acetate): IR 
(film) 3350 cm™*; NMR (CDC1l,, 200 MHz) 6 0.16 (s, 9H), 
Ceo OmtOG. (5S, (Loli) 20d HOT OLea, Ue = Or eZenZ ron = 4.0 


i 2 
ieee jee OU eect, ie Oe POH) ee O-—) . COS Kins 
2H); NMR (DMSO-d¢, 90 MHz) 6 0.14 (s, 9H), 2.65 (br. t, 
CA OM Zyl yep foto Om (My eel) yee, OO Gye.) = Oem lize 
Po 2) eI, ol) eX aC UMass 2 74 70294™ (carca “ror 
80 


C1741 2° SeS1;, 274-0292). 


; i 
1-(Tetrahydropyran-2-yloxy) -4-trimethylsilyl-4-pentene (41). 


In a dry 500 mL three-necked flask equipped with reflux 
condenser, dropping funnel, vacuum take-off and magnetic 
Stirring par, ,ary. magnesium cumnings -(3.940 9, 0.162 mol) 
were placed and the apparatus was alternately evacuated 


and filled with nitrogen (three times). Dry THF (45 mL) 
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was then added by syringe, followed (magnetic stirring) 
by eee nos ieer eee lechy lenecae (20% SerGpeuC so 
mol) in dry THF (10 mL) at such a rate that reflux was 
not too brisk (40 min). The resulting orange mixture 
was refluxed for a further 90 min and was then allowed 
to cool. The dropping funnel was quickly replaced, 
under a stream of nitrogen, with a rubber septum, and 
the Grignard solution was syphoned, by means of a dry, 
nitrogen filled, double ended needle, into another dry, 
nitrogen-filled, 500 mL three-necked flask. The latter 


flask was equipped with a vacuum take-off, two rubber 


septa and a magnetic stirring bar and contained a stirred 


and cooled (0°C) mixture of cCuprousS iodide (1.44 g, 7.60 


16 
mmol), l-iodo-3-(tetrahydropyran-2-yloxy) propane 


C0 0 1d, Os. 0 > 9amMOl) Vand hac y es CHE (Um tee nea syphon— 


ing rate was controlled by adjusting the nitrogen pressure 


in such a way that the addition was rather slow (30 min). 


The flask originally containing the Grignard reagent 

was rinsed with portions of dry THF (3 x 10 mL) which 
were then syphoned into the second flask. The resulting 
black suspension was stirred overnight, during which 
time the cold bath attained room temperature. Aqueous 
saturated ammonium chloride (150 mL) was then cautiously 
added, the two-phase mixture was filtered through a 
Celite pad (5 x 3 cm) to remove the black deposit, and 


the pad was washed with ether (100 mL). The organic 
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phase was separated, washed with brine (150 mL) and dried 
(Na5SO,). Evaporation left a green oil which appeared 

to be mainly a single product (TLC, silica, 1212 ethyl 
acetate—heptane; VPC, DEGS, 140°C). Distillation 

(Glo 4G, U0. Us mimartorded (4) as an: orl (ba 742g;, 
34% )Boto better thanwVs. ssh purrty?y (VPC,oDEGS, 140°C)% 

NMR (CDCl., ZO ORME ZFeor OF Os (S02 9H) ,a A169 Ming Shi) 
Bw? Kbyte 0 =2Cca.wGezy4 2H) to 3m2—38 26° im 22H) 7 s.6o— 


BR JOAALGS 2H) 47 Tet ceeiy, Lh), .o.25at(m, Vl) > i5e54) (ma 1H). 


4-Trimethylsilyl-4-penten-1l-ol (0) as 


1-(Tetrahydropyran-2-yloxy) -4-trimethylsilyl-4-pentene 
(ie 37 CG), 1/3. Lo mmo) )aiand p-toluenesulfonic AC Tass 3 

mg, 0.60 mmol) were dissolved in dry methanol (60 mL) 
and the solution was stirred under nitrogen for 2 h at 
room temperature. The solvent was then evaporated and 
the residue purified by flash chromatography over silica 
gel (4 x 18 cm) with 1:10 ethyl acetate—heptane, 
followed by Kugelrohr distillation (130°C, 10 mm) to 
give (30) (0.977 g, 86%) as a colorless liquid which 


was homogeneous by TLC (Silica, 1:10 ethyl acetate— 


meptane) sana OL better ithan 299.94 purity (VPC, DEGS;,, 150°C). 


(30) had IR (£ilm) 3300, 3040, 1600, 1060 cm 7; NMR 
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Teeacment Of 4—-Cramecny isi yl—4—penten-—1 ol (30) (with 
various electrophiles. 


(a) A solution of benzeneselenenyl chloride (79.0 mg, 
0.413 mmol) in dry THF (4 mL plus 1 mL rinse) was added 
Cvetcd aoe LOna sSenered cooled. §(—/ 52°C) suspension 
Of ysaiver tritluoroacetate: (120 mg, 0.543 mmol) ‘and 
4-trimethylsilyl-4-penten-l-ol (58.1 mg, 0.367 mmol) in 
dEyelhee (sami). eAtter a further perrodfot) fivermin: at 
-75°C, the bath was removed and the mixture was stirred 
for 60 h with protection from light. The suspension was 
foleered through (a Cebite, pady(26xi'5 cm); sche padi was 
washed with ether, and the filtrate was evaporated. 
Examination by TLC (silica, 1:10 ethyl acetate—heptane) 
showed a major UV-active component as well as some 
starting material (by comparison with an authentic sample). 
Purification was achieved by PLC (one silica gel plate, 
developed with 1:20 ethyl acetate—heptane), followed by 
Kugelronr disci llationy (5026) 2 nme tO, dive: 2—phenyl— 
selenomethyl-2-trimethylsilyltetrahydrofuran (42) (32.6 
NG;e2c-o8) as a colorless orl, (42) had: IR (£11m) 
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(DymWith N-phenylselenophntehalimides, | N-phenylseleno— 
phthalimide 2 (ES 6emg,0'..001) mmol) (ans chloroform 
(4 mL plus 1 x 2 mL rinse) was added dropwise over 10 


Mineo ca Starred and cooled (—75°C) solution “of 


4—trimethylsilyl—4-penten-l-ol (30) (73.2 mg, 0.463 mmol) 


and p-toluenesulfonic acid monohydrate, (7 img, 0.037 
mnNOL)Manodry -chiorotform (2.5 ml). ~Abter -alturther 10 
min the bath was removed, the mixture allowed to obtain 
room) temperature | (Ca. 93:0 min) and (Chen monitoring by 


TLC (Silica, 1:10 ethyl acetate—heptane) was started. 


Compound (42) and some starting material were immediately 


detected, but qualitatively no change was observed after 
stirring overnight at room temperatue. Evaporation, PLC 
(one plate of silica gel developed with 1:20 ethyl 
acetate—heptane), and Kugelrohr distillation (150°C, 
2mm) gave (42) (20.1 mg, 13.4%) as a colorless On; 
pure by TLC (silica, 1:20 ethyl acetate—heptane) and 


identical (NMR, IR) with the sample prepared as in (a). 
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(c) With silver trifluoroacetate-benzeneselenenyl chloride- 
pyridine: Benzeneselenenyl chloride (530.4 mg, 2.77 mmol) 
in THF (2 mL plus 1 x 2 mL rinse) was slowly added 

(main POVETON OVELMLOUM In) etOya Stirred, cooled) (=752C) 
suspension of silver trifluoroacetate (670 mg, 3.03 mmol) 
meary THE (b> omL). ALrteer a further five min 4—tramethyl— 
Sily1-4-penten-1l-ol (30) (393.7 mg, 2.49 mmol) ane CHE, 

(2 mL plus 2 x 1 mL rinse) was added quickly, followed, 

ee eerarc ly Crm, iby OGbyeaby) tone 9( 022 5mis, 3 409 ammo 1). 

The cold bath was then removed and the mixture stirred 

at room temperature (TLC control). Once again some 

product and starting material were detected after a 

short period as streaking spots. After a total of 140 h 

at room temperature (protection from light) the mixture 

was gualitatively the same (TLC). Evaporation, and 

usual purification (2 PLC silica gel plates developed 

with 1:20 ethyl acetate—heptane, then Kugelrohr 

deceit lation ele 0° 0. U3emmn)egaves pure (42) (225eNGiy 20-0 6 by 
as a colorless oil, identical (NMR, IR) with a sample 


prepared as in. (a) or (Cb). 


(ad) With silver trifluoroacetate-benzeneselenenyl chloride- 
Silica gel: Compound (30) (SMe Orme Ono 55. MMOL) gerne Gat 

(2 mL plus 1 mL rinse) was added quickly to a stirred, 
cooled (-75°C) suspension of silver trifluoroacetate 
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THF (4 mL). Immediately afterwards benzeneselenenyl 
Sniorlde (225. M0,8 blo4emnol) an THE (2 -misy oluse mis 
rinse) was added. The cold bath was removed and the 
mixture stirred at room temperature. After 40 h (protec- 
fon Prom Llgnt);wexamination by TLC (silica, bs20 

ethyl acetate—heptane and 1:4 ethyl acetate—heptane) 
showed no (42), but mainly diphenyl diselenide, starting 


material, and several other components in traces. 


(e) With iodine: Iodine (89 mg, 0.350 mmol) in ether 

(5 mL) was added to a two-phase mixture consisting of 
(a0) ee oo m7. .0. 557 .mmol) sin ether (5 imi) sand aqueous 
sodium hydrogen carbonate (0.5 M, 5 mL). Decolorization 
Wacmnoti Ceablegarten ca. sn and wwas complete nel gi ehe 
The organic phase was separated, washed with brine 

CLO mis) 7a0dr Led (Na,SO,) and evaporated. The product 
(50.0 mg, 93.6%) was starting material, as shown by NMR 
and TLC (silica, 1:4 ethyl acetate—heptane) comparison 


with an authentic sample. 


(£) With iodonium di-sym-collidine perchlorate:>> 


CJ EMG, a10. .ocemmMOl) stn ChVorOoLOrms «Ml. plus lami: 
rinse) was added to a stirred suspension of di-sym 


55° (127.7 mg, 0.284 mmol) 


collidine silver perchlorate 
in dry chloroform (2 mL). A yellow precipitate (silver 


iodide) and a colorless supernatant, containing iodonium 
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di-sym-collidine perchlorate” were produced. This 

mixture was immediately treated with (30) (40 mg, 0.257 
mmol) in chloroform (2 mL plus 1 mL rinse). The mixture was 
stirred at room temperature with protection from light. 
Examination by TLC (silica, 1:3 ethyl acetate—heptane) 
failed to detect any product even after 120 h: start- 


ing material was the major substance detected. 


(g) With N-bromosuccinimide:>°° N-bromosuccinimide (80.0 


mg, 0.449 mmol) in THF (2 mL plus 1 mL rinse) was added over 
Zeninecora cOOled #(02C),, (stirred solution of 9(30)7 (56.3 mg, 
Ors5G7mmolj an ary THE (S=mh) under nitrogen. After, 2) h 

at 0°C the yellow mixture still contained much starting 
material. (TLC control: silica, 1:4 ethyl acetate—heptane) 
as well as several other components. The bath was removed, 
and the solution stirred 1 h, then the solvent was evaporated. 
The residue (NMR; TLC, above conditions) was a green, 


tarry, intractable mixture containing many substances. 


(h) With m-chloroperbenzoic acid: m-Chloroperbenzoic 
aclamteota W/W, 2968mG,.9).45emmol) in THE (2 mi plus .lomr 
rinse) was added to a stirred solution of (30) (210 mg, 
1.326 mmol) in THF (5 mL) and stirring was continued 
overnight at room temperature. The mixture was poured 
into ether (50 mL) and water (50 mL), and the organic 


phase was washed with aqueous saturated sodium hydrogen 
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carbonate (3 x 25 mL), dried (Na5SO,) and evaporated. 
Flash chromatography over silica gel (3 x 17 cm) with 1:3 
ethyl acetate—heptane, followed by Kugelrohr distilla- 
tion (130°C, 10 mm) gave 2-hydroxymethyl-2-trimethyl- 
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(D): Additions of cuprates to a,f-unsaturated aldehydes. 


Preparation! Of theea, p-unsaturated aldehydes. » Dienal "(47) 


(Aldrich) was distilled before use (b.p. 120°C, 20 mm). 


The wmacerial was a smixcture (NMR) of geometrac isomers. (45),ce 


oa (428 hae ( oy) oes (50) 7°? were prepared by literature 


(46), 
procedures. The compounds are rather unstable but can 
be stored for short periods (2—4 weeks) at -20°C under 
a nitrogen atmosphere. New aldehydes were made by general 


methods as follows: 


Cycloheptylideneacetaldehyde (Sis) This compound was 


93D 


prepared by P. Beaulieu according to a general procedure 


reported in the literature. °!? 


(Z-Merhytecyclohexyi 1dene) —2-propronaldenyde,.s(o2)e. A 


61f was followed with some modifications. 


olf 


literature method 
2-Trimethylsilylpropionaldehyde tert-butylimine ole See) 
g, 18.94 mmol) was injected neat over 10 min to a stirred, 
Cord (02 @)s- solution: of LDA irom diisopropylamine (225 
Moyes. mmol) and butyl ivthiumein thexane (1.40 M,~ 12,7 
Tig.) Camo lL) |e ane THE OOsmMi) waar cer a further 0 ;min 
at 0°C the mixture was cooled to -75°C and 2-methylcyclo- 
hexanonew( 13:07 d) 04.05 MNO )e tier (2 mi, plus 2 exo 

mL rinse) was injected (main portion over about 3 min). 


The mixture was stirred overnight, during which period 


the cold bath attained room temperature. Water (20 mL) 


wil 


»? Late tu sobyitebte & 
frm OS CDPOSE aod) 9ati rs ae ? 

; ay i 

, a rene I 1ianGeyp 4a (aa) er 
a 


a is 
(Oh) ~~. te 


—— % 


SON oa) SI 


ode ny stow 


. + Ee 
intade xsivtet evs ahoivecains Skt 


~ f 
§ aa~ ve; PT 
X 
sae 
ry j ¥ i] & 
2 ° , 
a ..¢ 
v ~ ping 
} f rey 
x m1 
oS 
- = 
4 1 
’ 


mS foe 2*¢\ oOo? beloOnS. Bev — outs 
[io dm 4) ST al tiomn 2a, fi 52 real + 8A 


im € tveds avo nossnog them) desse(as 


bholtyeaq doidaw paw .ddpinieve 6e7Tsive Zw 
— 
1a Of) t9e¢e¥ ,ctedetenmes moor Bontsige 
ee a 
ol a 


and, enough) oxalic acids, dahydrate. to, bring, the pH. toy 4.5 
were added. The mixture was stirred for 50 min and then 
partitioned between ether (50 mL) and water (50 mL). 

The organic phase was washed with saturated aqueous sodium 
hydrogen carbonate (2 x 50 mL) and with brine (50 mL) and 
was dried over anhydrous potassium carbonate. Filtration 
and evaporation gave the crude product in which the major 
empuUrLEy (Ca. loe,) VEPC)= was the starting ketone-.  Elash 
chromatography over silica gel (4 x 20 cm) with hexane 
containing increasing amounts (0.5—1% v/v) of ethyl 
acetate followed by Kugelrohr distillation (145°C, 10 mm) 
Cave o2) (OU 2and, 0s) was) cy be lemixtune s(NMR> a2 00eMHZ) 
Cretan cOners Vor ber vere thane) 2apuclLe ya (VEC; DEGS, 
ToOO2C) ce LRe (Pim) 277.0, 665 ands L6L2 em 7; NMR (CDCl.,, 
ZOOmMi Zz) soni CO ee 20M Ze Laon )a LOY ss = 
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Tigaelicaa 
For characterization a sample of the aldehyde was 
118 
converted into its 2,4-dinitrophenylhydrazone: mp 
i202 Grands b538=——)59°Ca(Eromecthanol, double-<mp)... Anal. 
Calcd tor C1 6Ha 04g? Cy Die Deer Oe Od tN 7 EL Oca Or. 
MOUNG: 4Cyl i 0s tea eee eNO oo. 
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[2-(4a8,8a8-4a-Methyldecahydronaphthylidene) ]acetaldehyde, 


(o3)7-, pa general procedure +” was followed: t-butyllithium 


in pentane (1.72 M, 14 mL, 24.2 mmol) was added to THF 

(30 mL) at -75°C and the solution was kept at this tempera- 
ture. (Z) -1-Bromo-2-ethoxyethylene +t CARO 2 0 BOr mel 2.61)! 

mmol) was injected neat over 5 min and THF (3 x 1 mL) was 
MecasctO rinse allsor the bromide into the t—butyliathium 
SOlut1On. sAtter a tureher period of 30°min at. —/5°C, 
cis-4a-methy1-2-naphthalenone?? Cl SOV es O09. mmol) 
IniechHe. (Sembeplinse2 x LlemLerinse)mwas addedi(mainaportion 
over 10 min). 

The cold bath was left in place and, after 5 h, the 
reaction mixture had attained room temperature. The 
mixture was then cooled to 0°C, aqueous hydrochloric 
acid (10% v/v, 15 mL) was added, the cooling bath was 
removed, and the two-phase system was stirred vigorously 
for 15 min. The organic layer was removed, the aqueous 
phase was extracted with ether (50 mL) and the combined 
Organic extract was washed with water and with brine, 
dried (Na jSO,) and evaporated. Flash chromatography of 
the residue over Silica gel (4 x 25 cm) using hexane 
containing increasing amounts (2—5% v/v) of ethyl acetate 
followed by Kugelrohr distillation (130—135°C, 0.15 mm) 
apnorded: (3) 7 (1. 4600g 3 ot) masea, pure. (TLC, silica, 


1:20 ethyl acetate—hexane) 1:1 mixture (NMR, 200 MHz) 


of i and Z isomers. 
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TR (film) 2765, 1662, 1625 cm ~; NMR (CDCL 200 MHz) 
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HZ, Oe aly yexaClCmmasSsy oa. Lols (calcd stor Cy 34590: 
192. 154 i 

For characterization a sample was cone ceed an into 
its 2,4-dinitrophenylhydrazone: mp 131—134°C (from 
ethanol) ++ fAnalieCalcds for Cy gHa4N yy? Ce ii6d 2a ee 67°50: 


Nepe>. 0420 PoundrarC a Olnd ler mor 4ZreNy; 184688. 
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General Procedures for Reaction of a,8-Unsaturated 


Aldehydes with Cuprates. 


Cymer cu. lly ssineeener.) Purl Tt Ledecuprous i odtdes(oummo)) 


aa ae 

was placed in a dry 50 mL 3-necked flask carrying a 
magnetic stirring bar. Two necks of the flask were 
closed by rubber septa and the other by a vacuum take-off 
equipped with a stopcock. The flask was alternately 
evacuated and filled with nitrogen (3 cycles) and dry 
ether (10 mL) was then injected. The slurry was stirred 
aitmean m0’ Coil ces baby), ande-commery cia lmethereale Meh 
containing, 5% LiCl, (ca. 1.8 M, 5 mmol) was injected over 
2—3 min. A dark yellow precipitate of methyl copper 

was deposited and then dissolved. Five min after the end 


of the addition the colorless (or faintly yellow) solution 


was cooled to the specified temperature and the enal (1 mmol) 
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in ether (1 mL plus 2 x 1 mL rinse) was added over 5 min. 
After the appropriate time the mixture was quenched as 
specified below. 

(B) Me 


eu Li, in ether-pentane. Cuprous iodide (3 mmol) 


5—3 
in dry ether (5 mL) was treated at 0°C with MeLi (5 mmol) 
sme e sc oe dgUndemaa(n) sabOVea hive Mingetter seherend of 


the addition the cuprate solution was cooled to the 


specified temperature and dry pentane (15 mL) was injected. 


The enal (1 mmol) in ether (1 mL plus 2 x 1 mL rinse) 


Wasmoacdedmas sdescrubed sing (A)mand, Satter thesappropriate 


time, the reaction mixture was quenched as specified below. 


(C) Me,CuLi in, ‘ether. “Cuprous aodide (132 mmol) in dry 
ether (10 mL) was treated at 0°C with MeLi (2.4 mmol) as 
G€eseriped “under WA) wabeve. ef ive mningarten thevendsor 

the addition the cuprate solution was cooled to the 
specified temperature and the enal (1 mmol) in ether (l 
hep Luss Lem lerinSse)eWwascminyecledsass I Nas(A)jmand sat ter 
the appropriate time, the reaction mixture was quenched 
as specified below. 


(D)ipeMe- Culimin ether-pentane ss cuprous) 10dide.s(1.25mmol) 


2 
in dry ether (5 mL) was treated at 0°C with MeLi (2.4 


MMOL ease described inw(A) ewer verminganter thevendsoreche 
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addition the cuprate solution was cooled to the specified 

temperature and dry pentane (15 mL) was injected, followed 
byethevenal .(]-mmnoljreanwether. (1 mii) plus 29x 4 mi rinse) . 

ihesiixture was) quenched, atter the appropriate time jas 


described below. 


Quenching Procedures. 


WmernceelCrdacid, eh rter aly appropriate Lame, thea ecaceion 
mixture was cooled to -75°C and acetic acid (0.2 mL per 
mmol of MeLi used) was injected very quickly with vigorous 
stirring. The cold bath was removed (gas evolution) and, 
abeervca, > Min an excess (ca. l10°mi) of Saturated aqueous 
ammonium chloride was added. The stirred mixture was 
allowed to reach room temperature (ca. 30 min) and the 
white precipitate was filtered off. The solid was washed 
with ether (30 mL) and water (30 mL) and the combined 
Organic phases were washed with saturated aqueous sodium 
hydrogen carponate. (2) x 50 mb) wand «wrth brane. (27x “50"min) ~ 
The solution was dried (Na 


9504) and evaporated and the 


product was obtained by Kugelrohr distillation. 


(yPecCulLorocramecny lst Lane seArTtere completion of) the 
conjugate addition the reaction mixture was cooled to 
-75°C and, for every mmol MeLi used, chlorotrimethyl- 


Silane (0.17 mL, 1.30 mmol) was added quickly, followed 
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by triethylamine (0.20 mL, 1.43 mmol) and HMPA (0.12 mL). 
The cold bath was removed and the suspension was stirred 
vigorously for 40 min, during which time the mixture 
attained room temperature. An excess (10 mL) of saturated 
aqueous ammonium chloride was added cautiously and 
petroleum ether (bp 30—60°C, 30 mL) was also added. 

The mixture was filtered by suction through a filter 

paper to afford two clear phases, the aqueous one usually 
being blue. The organic layer was washed with saturated 
aqueous ammonium chloride solution (30 mL), with water 
(35x50 Myr (Lor 7zrenoval” Of HMPA) and, irinally;, with 

brine “(2Fx> 50°min) <= " The organic’ ‘solution was- dried (Na5SO,) 
and evaporated and the product was obtained by Kugelrohr 


arstiliativon. 
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(L-Mechy vcyclonexy1))acetaldenyde 45a)". - Procedure S(Ay 
was followed using cyclohexylidene acetaldehyde (45) 
(427.9 mg, 3.445 mmol). The enal was added at -75°C to 
the solution of Me,Cu3Li. and the reaction mixture was 
stirred at this temperature for 2 h. The temperature 
was then allowed to rise to -40°C over 1.5 h and the 
mixture was recooled to -75°C and quenched with acetic 


acid. Work-up. and Kugelrohr distillation (125—130°C, 
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10 mm) gave (45a) 121 (455). 99mg, 90%). Orsibettemuthans97% 
purity (VPC, DEGS, 120°C). The material contained 13% 


(VPC) of the 1,2-addition product, l-cyclohexylidene-2- 


propanol, (45b). 122 
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3,3-Dimethyloctanal (46a) athe procedure, Ton (45a )awas 
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product was not detected (VPC). (Sioa nada DR Cram) 
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characterization a sample of (46a) was converted IntOgs tS 


2,4-dinitrophenylhydrazone: mp 96°C (from ethanol). 
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375,/ Trimethy l—-o6-ocrenal. (aja). “Procedure, (A), was 
followed using 37, /7-dimethyl-—2,6-octadienal (4/7), (mixture 
of isomers, 186.3 mg, 1.224 mmol). The enal was added 
ato Cc CO the sSOLUGIOn. OF Me,Cu,li, and the reaction 
mixture was immediately allowed to warm to 0°C over 4 h. 
The mixture was then recooled to -75°C and quenched with 
acetic acid. Work-up and Kugelrohr distillation (70— 
80°C, 0.5 mm) gave (47a) ©9J (165.6 mg, 80.4%) of better 
than 98s purity (VPC,;aRDEGS, 140°C)..." The 1,2-addition 
product was not detected (VPC, NMR). (47a) had: IR 
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LOG C1 Fo 90: HOS. 251 4)e. 
iGz7o-Damecthy l-—l—-nonen- ly oxy [tnimethy silanes (48a) 
Procedure (A) was followed using 2-methyl-2-nonenal (48) 
(MEXEUGE TOL Hand 7lsOmerCyasUc On amngy 80.610) MMO 1) eine 
enal was added at -75°C to the solution of Me,Cu,Li, and 
the mixture was stirred at this temperature for 2 h. The 
temperature was then allowed to rise to -20°C over 2 h 
and the mixture was recooled to -75°C and quenched by 


Genera be procedure s(n) awitiech Onourlmethyl silanes - Work up 


and Kugelrohr distillation (150°C, 10 mm) gave (48a) 
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Plas. Onmgy, 92.6%) mor ebetter ethan 98% purity.(VPC,)DEGS, 
95°C). The material contained 1.5% of the 1,2-addition 
product, [(3-methyl-2-decen-yl)oxy]trimethylsilane, (48b), 
as judged by comparison (NMR, 200 MHz) with an authentic 
sample.1?* (48a) had: IR (film) 1673, 1166 cm +; NMR 
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{ [2-(1-Methylcyclohexyl) -l-propen-yl]oxy}trimethylsilane (49a). 
Procedure. (B), for reactions in, ether—-pentane was followed 
using 2-cyclohexylidenepropionaldehyde (49) (140.3 mg, 

1.015 mmol). The enal was added at -50°C to the solution 


rene Me,Cu Li, and the reaction mixture was immediately 


Sipe 2 
allowed to warm to 0°C over 2 h. The mixture was kept 
abetais stemperatune, -Olma mturtnern. 30.min, cooled. to .=/5°C 
andequenched by general metnodi(k)iwith chlorotrimethy1— 
Silane. Work-up and Kugelrohr distillation (140°C, 10 
mnj,gave (49a) (202.2.mg,.88.0%) of better than, 99% 
PuratyoanVveC,. DECS, 21i>-C) ae tne, 2—adduct (49D) was snot 
detected (VPC). (49a) had: IR (film) 1675, 1252 cm?; 

NMR (CDCl, 2002 MHZ) a0 20cm Seon), 0 0. 94 (5, 33H eee 7 
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ie Methyteyclohepcy lyacetaldenyde. (51a). Procedure (A) 
was tollowed using Cycloneptylidene acetaldehyde (51) 
(60.7 mg, 0.439 mmol). The enal was added at -75°C to 


the solution of Me,Cu3L1, and the mixture was stirred at 


this temperature for 2 h. The temperature was then 
allowed to rise to -20°C over 2 h and the mixture was 
Pecoo led to. —/ > -Crand, quenched by general method (Eh )ewith 
eceticuacia., SWOork—-up land Kugelrohr idistiidarion (150°C, 
POmum) sgave (la) (60-1 mg, 88.83) The material ywas 
Contaminatedmby, 5.5%, OL, the L,2—-adarc lon product, 


l-cycloheptylidene-2-propanol, (5lb), as judged by comparison 


(VePE7ODEGS LOO cC: 1u-NMR, 200 MHz) with an authentic 
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{ [2-(1,2-Dimethylcyclohexyl) -l-propen-yl]oxy}trimethylsilane 
(52a) and { [3-(2-Methylcyclohexylidene) 2-butyl]oxy}tri- 


methylsilane (525) Fae r OCedut eM" By tOrereacutons= an 
ether—pentane was followed using 2-methylcyclohexylidene- 
2-propionaldehyde (52) (mixture of isomers, 114.3 mg, 
0.751 mmol). The enal was added at -50°C to the solution 
of Me,-Cu3Li, and the reaction mixture was immediately 
allowed to warm to 0°C over 1.5 h. The mixture was kept 
at this temperature for a further 30 min, cooled to -75°C, 
endsquencheds bysagencralemethod/ (P)*iwith  chioroctrimechyl— 
silanes > work-up and+Kugelrohr’distillationy<(145°C,7e10 

mm) gave an oil (158.7 mg, 88.0%). The material consisted 
Grevoca)*and (52b) in® chetratiows6: 54eas judged by 


eo0mparison (VPC) DEGSY=1152e¢E; 1o-NMR, 200 MHz) with an 


authentic sample of (Sop) eee The 1,4-addition product 


(52a) was a 1:3 mixture (NMR) of diastereoisomers having 


NMR (CDCl 200° MHZ) + 62 024584 and" 0162? (partially over- 


3° 
lappingy Sanglets,/ 9H-overall) ye 0r65e(d ;euv=" 6584Hz,=22.25H); 
Oe/ Hd AIS Mei a H2Ae O87 5H), On 90). (sae2 25H) 4 =i “Cs4 

Of 75H] 1218—12'o-\msze L2H; tncorporatang+d,°J°=, 14 58Hz, 

ae or. 5) Peo. O48(q7 eg += T.5eH250.25H)> os 08e(q yas = 
ipoehizy) Oe / 5H). horr furiherscharacterization=(5>2ayy was 

ieee 


converted to the derived 2,4-dinitrophenylhydrazone: 


Np. LP —T418° Co (Erom= ethanol) 2a) Anal.-Calcd for C1 7H54N yy? 


E74 5846055H, 16794 72N, 21 6708.. Mround:"+C7 583.4495H7+6790+ 
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[2-(4a8,8a8-2,4a-Dimethyldecahydronaphthalene) ]acetaldehyde 


(Soa) Procedure (A) was followed! using {2-(4ap 6ap—-sa-Methyl— 


decahydronaphthylidene) ]acetaldehyde (53) (mixture of 
isomers, 157.5 mg, 0.819 mmol). The enal was added at 
aio. CatLOutheasoluvionsot Me,Cu3Li, and the reaction mixture 
was stirred at this temperature for 2 h. The temperature 
was then allowed to rise to -20°C over 2 h and the mixture 
was recooled to -75°C and quenched by general procedure 
(eye with acetic acid. jWork-up, flash chromatography, over 
Silica gel (2 x 18 cm) with 3:97 ethyl acetate—hexane 
endsnugePronr distpitations( 14026, 20. Lamm) egevem (ood) 
(144.2 mg, 84.5%) as an apparently homogeneous (TLC, 
Silica, 1:20 ethyl acetate—hexane) oil. Examination by 
VPC (FFAP, 210°C) showed two peaks (relative areas 1:19) 
corresponding to the two aldehydes epimeric at C-2. The 
crude reaction product (before chromatography) contained 
ge0L the 1, 2-adduct,, »l—(2-cis—4a-methy ldecahydronaphthyl— 
idene)—2—-propanol) (53b) ‘as judged by comparison, (VPC) 


with an authentic seqaike., °°" (See) Nad ss Gl wtrtim meas 


1715 cm 7; NMR (CDCl,, 200 MHz) 6 0.75—1.95 (m, 21H, 
Ineo INng shar Des ind Leus wate owl. 0 Pvande| . Oa SHeCa.meaci))t, 
Deas Omi Cre i= sa US yl pa Os ste 3 D5 ONS eee 


2.08 28 2s) eee Ors 
iled bes 


exact mass, 20821825 (calcd stor C1485 4°: 
further characterization, (53a) was converted THCOmLeS 


2,4-dinitrophenylhydrazone: mp 180—183°C (from ethanol). 
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Reactions with Me,CuLl. 


These reactions were run under the same thermal 


Gu ls but 


Bem S0) 62 


uSing the general procedures given above for Me 


conditions as their counterparts with Me 
5CuLi 
experiments. After work-up and distillation the relative 
amounts of 1,2- and 1,4-addition products were determined 
by VPC and/or NMR (200 MHz). In the latter case the 
integration was performed on conveniently separated 
Signals that were chosen from the NMR spectra of the 

pure 1,2- (obtained by use of MeLi) and 1,4-adducts 
(obtained usually by use of Me,Cu3Li,). In most cases 

the olefinic signal of the trimethylsilyl enol ether or 
the aldehyde proton signal were used for estimation of 

the 1,4-adducts and the signal for the proton(s) on the 
carbon bearing the hydroxyl group (typically at 6 4.5—5.0) 
for the 1,2-adducts. The values obtained were checked by 
integration of any other suitable sets of Signals, includ- 
ing the singlets due to the trimethylsilyl groups, in 


which case a relaxation delay of 30 sec between scans was 


used to allow complete relaxation. 
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Reaction of cyclohexylideneacetaldehyde (45) with Me. CuLi 


an ether. Procedure {C)) was followed using cyclohexylidene- 
acetaldehyde (45) (180 mg, 1.449 mmol). The enal was 
aagedwaten 7 5-CrLOst ne. solution, OL Me,CuLi and the reaction 
mixture was stirred at this temperature for 2 h. The 
temperature was then allowed to rise to -40°C over 1.5 h, 
the cooling bath was then removed and the reaction was 
quenched by rapid injection of saturated aqueous ammonium 


124 When the mixture had 


Sirorides (LO mi) Whol stirring. 
reached room temperature it was extracted with ether 

(2 x 30 mL) and the combined organic phase was washed 

with saturated aqueous sodium hydrogen carbonate (2 x 30 
mL) and with brine (2 x 30 mL). The solution was dried 
(Na,SO,) and evaporated and the product (148.4 mg) was 
obtained by Kugelrohr distillation. The material consisted 
(NMR, 200 MHz) of starting enal and reaction product in 

the =rati1o of !'10. "The reaction product Ttseltewas 


L22 ein the ratio 87:13" (71% 


comprised of (45a) and (45b) 
combined yield after correction for recovered starting 


Material). 


Reaction of 3-methyl-2-octenal (46) with Me,CuLi in ether. 
Procedure (C) was followed using 3-methyl-2-octenal (46) 
(140.0 mg, 0.998 mmol) in ether. The enal was added at 


-75°C to the solution of Me,CuLi and the reaction mixture 
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was stirred at this temperature for 2 h. The temperature 
was then allowed to rise to -40°C over 1.5 h and the 
mixture was recooled to -75°C and quenched by general 
Procedure o(E) swithgacee1 clacids saWork-=upsandakugel rohr 


22 


distillation gave a mixture of (46a) and (46b) (140.9 


Momeeotaie @9 0.32) on et iewbatLoumiNMR, 20 0—7MHZ)) Ole 91 05 3:O60.07. 
Culybeyin 


React ionsOb «3 ;3),),-euiamethy)—6-octenal. (47) swith Me. 


Ctner eer rOCeduUres(C) #was "followed "ising #373 7)/-trimethy1— 


G-ecveenal™ (47), (mi xcurevor =1Ss0mers;,"a1l9s7 mo, 3.330 mmol). 
The Gnalewas “added "at "-75°C to*the*solution ‘of Me,CuLi 

and the mixture was immediately allowed to warm up so 

that it reached 0°C over 4 h. The mixture was then cooled 
GGs- 75> 46 and equencnedwby general procedurem (Eh) with vacetic 
acid. Work-up and Kugelrohr distillation gave a mixture 
of (47a) and (47b) °?J (445.9 mg, total 78.5%) in the 
ratio (NMR, 200 MHz) of 9:1. Flash chromatography over 
Silica gel (3 x 17 cm) using heptane containing increas- 
ing amounts (5—10% v/v) of ethyl acetate, gave, after 
Kugelrohrn distillation, (1402C s.i2.mm 4 fa)” (39iel oma, 
68.9%) of better than 98% spurity. (VPC) and sidentical 

(IR; NMR, 200 MHz) with a sample made using Me,Cu,Li.. 

The flash chromatography also gave (47b) ©93 [3 9. Ohms, 
6.83 saften Kugel rohr wiserlloetions (150°C 7 10 mm) jswhaich 


was a mixture of E and Z isomers (NMR, 200 MHz) and was 
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better than 95% pure (VPC). (47b) had: NMR (CDCl., 200 


3° 
MHZ, eso. a) «.O—— 2/92 2 (pet OH pencorporating doublets cat 6 
22 2and1..23:,40 =e1eHZ, 23H woverall).,. 4.4—4-.7, (m;,._.1H), 
6.0—6.3 (m, 2H); exact mass, 168.1502 (calcd for 


Cc OjelGS . 5.14 )r. 


ie 20 
Reaction of 2-methyil-—Z-nonenal (48) with Me,CuLi in ether. 
Procedure .(C). was,»followed using 2-methyl-2-nonenal (48) 
(mixture of isomers, 120.0 mg, 0.865 mmol). The enal was 
agded™at-=—-75°C™to the solution of Me,CuLi and the mixture 
was stirred at this temperature for 2 h. The temperature 
was then allowed to rise to -20°C over 2 h and the mixture 
was recooled to -75°C and quenched, by general procedure 
(Ey wit chlorotrimethyisilane. sswork-upsandshige | rohr 
distillation gave a mixture (209.4 mg, 92.2%) consisting 
(VPC; NMR, 200 MHz) of (48a) and (48b) +7? in the ratio 


Ope SUE Rae mp) 


Reaction of 2-cyclohexylidenepropionaldehyde (49) with 


Me,CuLi IM eethen—pencane- wa neocedune | (D) efor reactions 
in ether—pentane was followed using 2-cyclohexylidene - 
proplonaldenyde (49)e(1 207 0sng 0.865 mnol)-) )Thesenal 
was added at -50°C to the solution of Me, CuLi and the 


reaction mixture was immediately allowed to warm up to 


0°C over 2 h. The mixture was kept at this temperature 
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for a further 30 min, cooled to -75°C and quenched by 
General Procedure (mje witir chiorotrimethyi silane.) Work— 
up and Kugelrohr distillation gave an oil (180.3 mg, 
Dey ey erOL Tbe CCer toan soem puULrtt y= (VPC ye DEGS, LP C)* 

The material consisted (NMR, 200 MHz) of (49a) and 


2 , 
(49b) an? Che ratio ors 0220- 


Reaction of cycloheptylideneacetaldehyde (351) with 


Me5CuLi IM echier.s GeLocedures(C)s was followed usingecyelo— 
heptylideneacetaldehyde (51) (EO 22. Ze MG ipan Oe O42 TNO. )ee 1, 
ether. The enal was added at -75°C to the solution of 
Me,CuLi and the mixture was stirred at this temperature 
for 2 h. The temperature was then allowed to rise to 

=20 °C “Over 2 h and” the mixture was recooled to~—-75°C and 
Guenchned= py general procedure. (Ee) whtnracetic acid. 
Work-up and Kugelrohr distillation gave an oil (102.5 mg, 
Cor lem Ore DeLLeretnan 9 /t purleyenvVeEo, DEGS, L500" C)e=- The 
Mmatertal consisted= (NMR, 200"MHz) wor (Sila) and (Sub) eae 


Ane che Tattoo oL sco fila. 


Reaction of 2-(2Z-methylcyclohexylidene) propionaldehyde (52) 


with Me, 
using) 2—(2-methy lcyclohexylidene) propionaldehyde (52) 
(TLS. 53mg ,7.0.7/osmmMoOL)-. sl hesenal was added at: —50°C to 


the solutionvof Me,CuLi and the reaction mixture was 


CubLleipmecner pentane. Procedure: (D) was followed 
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immediately allowed to warm to 0°C over 1.5 h. The mixture 
was kept at this temperature for a further 30 min, cooled 
Loe—7 5 Cand quenched by. general method s(h)y, wlth 
chlorotrimethylsilane. Work-up and Kugelrohr distillation 
gave a mixture (162.8 mg, 87.0%) of better than 99% 

purity (VPC, DEGS, 115°C). The material consisted (NMR, 


a4 


200'MEZ))-of (52a). and (52b) inswche ratio, OL 40.5 cL 5. 


Reaction of [2-(4a8,8a8-4a-methyldecahydronaphthylidene) ]- 


acetaldehyde (53) with Me,CuLi in ether. Procedure (C) was 
followed using [2-(4a8,8a8-4a-methyldecahydronaphthylidene) ] 
aceraldehyde (53), (146.5 mg,, 0. /62 mmot) 5 ine enalywas 
added at -/5°C to the solution of Me ,CuLi and the reac- 
tion mixture was stirred at this temperature for 2 h. 

The temperature was then allowed to rise to -20°C over 

2h and the mixture was recooled to -75°C and quenched 
Dyegencral procedure (Eh) Wwitieacct:c#acsa.. WOrK=ipiand 
Kugelrohr distillation gave a mixture (144.1 mg, 90.83%) 


122 in the recrororL 


CONSIStIng (VEE) .Ot 3) 5a) Pande ob) 
97.5:2.5 and small amounts of other materials. Flash 
Chromatography OVeL Silicasgcl (2 x IS cmy using 33297 
ethyl acetate—hexane and Kugelrohr distillation gave 


DULCE (VEC) s(osa) (2949 mod, cl. os) Consisting: (VPC) -or 


two diastereoisomers in the ratio of 94:6. 
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Reactions of 2-cyclopentylidenepropionaldehyde (50) with 


various copper reagents. 


(7) =-Reaction.witheMesCuLisin- ethers) "Thissreaction is 


2 
70a 


described in the literature and gives (86% yield) a 


mixturesot (50a) eandm(50b) Jin thesratio ofe36s64. 


(iL) Py yReactionywitn Me,-Cu,li, tee Ener mer LOCCOUrc ECA) 
was followed using 2-cyclopentylidene propionaldehyde (50) 
(32). 3: mg, 1.06 9emmods)sg 4 Thesenaluwassaddediat7y=50°C to 
the solution of Me,Cu3Li. and the mixture was stirred 

at this temperature for 30 min. The temperature was then 
allowed to rise to 0°C over 2 h and was maintained at 0°C 
for further 30 min. The mixture was recooled to -75°C 
and squenched,, byegenenalyprocedures (KE) jawitheenhtonomri- 
methylsilane. Work-up and Kugelrohr distillation (120°C, 
10 mm) gave an oil (194.2 mg, 95.5%) of better than 99% 
Purity « (VEG,.DEGS;sl0O02C)y consistung (NMR, 77> 200 MHZ) 


Ofet50a)r ‘andy (50>) Fingthesratiogore/ maa ea22e5s 


(iii) Reaction with Me ,Cu3Li, in ether—pentane. Procedure 


(B) was followed using 2-cyclopentylidenepropionaldehyde 
(2008 (13228 mg711.069 mmoles thesenal-waseadded aty250°C 
to the solution of Me.Cu,Li, and the mixture was stirred 


at this temperature for 30 min. The temperature was then 
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alvowed™ to rise*te-0°Crover 2 h and’ maitntainedVat 07°C for 
a further 30 min. The mixture was recooled to -75°C and 
quenched “by general procedure “(F)- ‘with chlorotrimethy1-— 
Silane. ‘‘Work=up and ‘Kugelrohr’ distillation: (120°C; 10 
nmn)egaveran ol )]7*(210% 6*mg- 9632 )) (Of Sbetter tthan 992" purity 
(VEG DEGS , "100° @) consisting ©(NMR "2 00"MHZ)orr (50a) 


anamn(50b)! aia Sthe  rat1oMes SL5 


(iv) Reaction with Me,cuLi,’ °° in ether. Ethereal MeLi 
(2512 M92 S0-mGL, 4.28mmol)® was? injected'¥slowly’ into™*a 
stirred and cooled (0°C) slurry of purified cuprous iodide 
(26574%mg, 1.394 mmol). in ether’ (14 mL). The cuprate 
Solut Lonitwasecooled to *=5.0°Candéthe -enale(5 O)ee(b7s.4 mg, 
1.396 mmol) in ether (1 mL plus 3 x 1 mL rinse) was added 
(main portion over 5 min). After the addition the mixture 
was kept for 30 min at -50°C. The temperature was then 
allowed to rise to 0°C over 2 h. The mixture was kept 

at this temperature for 30 min, recooled to -75°C, and 
quenched by general method (F) with chlorotrimethylsilane 
(0.6 mL), triethylamine (0.75 mL) and HMPA (0.4 mL). 

The cold bath was removed and the mixture was worked up 
inne suisilalaway.s ehudgeLLONnteai stil ation 2020, 910 smm) 
gaveran’ oi <(2 51f..5-mg,, 84.8%) “of better than “99%. purity 
(VPG, "DEGS)«*L00°%C)*) consisting (NMR e200" MHZ) of (50a) 


ands (50b)®ini ‘the ratiwo lof:4 $96:. 
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Reaction with Me Cu, (MgBr) .” in ether. Ethereal MeLi 


5 
(1.91 M, 0.58 mL, 1.1 mmol) was injected dropwise into a 
stirred and cooled (0°C) slurry of purified cuprous 
TOdLO eg (.639 4M, asee > OmmmOl.) erin. Cther g(a Za er Jay Gem in 
after the end of the addition the yellow suspension was 
cooled to -40°C and an ether solution of methylmagnesium 
bromide (2.74 M, 1.6 mL, 4.40 mmol) was added. The 
temperature was allowed to reach -10°C over 30 min and 
then lowered to -40°C again. The enal (136.5 mg, 1.10 
mmol) in ether (1 mL plus 2 x 1 mL rinse) was injected 
(main portion over 4 min). The temperature was then 
allowed io, rise. to 0celover, In hvandakeptlat-02c for, 30 


min. The mixture was recooled to -75°C and quenched by 


Generale procedure (BE) (wrth ehlorotrimethylsilane (0-17 


mL) triethylamine (039.mb); andyVHMPAs (0.45) mb) .) “The cold 


bath was removed and the mixture was worked up in the 
usual way. Kugelrohr distillation (120°C, 10 mm) gave 


ane Oil (1 45. 4emg., 922 consistuoncge (NMR. 2005MHzZ)e of 


70a 122 


(50a) 76 .(-5,0.b) and (50c) nee ne nat Lo | 4s ls 9.5y, 


Consequently, the amounts of 1,2- and 1,4-adducts. are 
ine thes ratio Of 96:4. 
83 


Reaction with Me,Cu5Li in THF. Ethereal MeLi (1.91 M, 


1.90 mL, 3.63 mmol) was injected dropwise into a stirred 


and. cooled. (02C) slurrysot puririieducuprous:’ 10di1de., (461.0 


mg, 2.420 mmol) in THF (15 mL). Ten min after the end 
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of the addition the pale pink solution was cooled to -50°C. 
Themenals &(1.47 .4 mo do smmol)? ineTHR-(MimL plus 2) 

mL rinse) was added (main portion added over 5 min). The 
temperature was then allowed to rise to 0°C over 1h and 
kept at 0°C for 1h. The mixture was recooled to -75°C 
ands quenched by general yporocedure ((F) Iwith ichlorotras 
methylsilane (0.6 mL), triethylamine (0.75 mL), and HMPA 
(0.4 mL). The cold bath was removed and the mixture was 
worked up in the usual way. Kugelrohr distillation (120°C, 
10 mm) afforded an oil (204.4 mg) consisting (DEGS, 

100°C) of (50a) and (50b)/9# in the ratio of 20:80 as 

well as two other unidentified substances. The latter 
accounted ~fomicay 502% rofiithe jtotal, product a(vPG,cizel-. 


peak areas). 
Preparation of 1,2-Adducts. 


imGyelohexy Badenes=2oproepanol, (45b)¥as Ether, §(1 0imL)y was 
added to ethereal’ MeL? (1252 M,; 1.6 ml, 2.43: mmol).) The 
solution was cooled to 0°C and cyclohexylideneacetaldehyde 
(45) (200 mg, 1.61 mmol) inmether (@ mii) plus, 2) xl mG 
rinse) was injected (main portion added over ca. 2 min). 
The mixture was stirred for 2 h at 0°C and the reaction 
was then quenched by addition of saturated aqueous 


ammonium chloride (20 mL). The product was extracted with 
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ether and the solution was dried and evaporated. Kugelrohr 
distillation (140°C, 10 mm) of the residue gave (45b) 
(205.2°mg,90.8%). asvanvoil’ of better, thany98% purity 


iVPG; DEGS,;<1202C) PGR tiim) 8300;,e1 666561050 cm; 


’ 


NMR (CDCl, 20 0RMAZ) OR iec2ei dita a6. 8 Hzeesn)ir lL. 3s— 


22oeo Ln) , 4600.(m,0 le 525 (mei) e-exactemass 


410% 199 Weal cds for CoH O7al4 0C1T2Z01l) Bet Anal 2 Calcd 


16 


for CoH, 60: Cymeaai0 9} ti, a4. OOF Pounds. 7 C,b We 34). Hy 


ma 40. 


A=Metny 1 —3-rionen=2Z-oOlan 46b)7.gaetherprocedunemfior (45b) 
was-followed) using Brmethyi-2-octenall(46)—e (09 mogy0n77e 
mmol) in ether (1 mL plus 2 x 1 mL rinse) and ethereal 
MeTameC ISS 2eMA 08 mite 6a mmol) nin excherai.7¢ mL) - 

Kugel rohr, distilatrvona(l 40?C;) v0umm)iigave a(4Gb) (108".7 
MG peor. SS)eas aymixture: (VEC, DEGSZUIS0°%C)sio fer) and’ 7 
Tsomerseot, better thant 992ipurit yee DR aCEalimje 33207 


lt 


1665, 1060 cm ~; NMR (CDCl 2008 MHz). 6 “OL 88h i(ts) T= 


eh 
VRID *Hz, BH) LS dy. Gosn ae0H, ancorporatiunogi al, Wyre 
6225) Hzetate Ov 2 20m -1r..6.6). Cd Sid? sees. O0He,,  12:.125H),, 1. 68 
(dt toe = U-A0RHZ),: A045 HDS, «1 9 —2..82. i(in;, | #211) 5,1 Ay. 53, 2m IL G, 


StL 6am, LH) exact "mass, #56 .eL5)27) (calcd? for Cy pHa 99 


156 54). » Anal’ Calcd: for C1 gH5 9°: Ca 50 60)? Ai, 


1:27.09 Ole Found © Cyt 4] 62.65-p0ct, h2).10 6. 
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InSeMechyl—3-decen=2-yay oxy) trimethylsilane (43b)., the 
procedure for (455) was followed using 2-methyl1-2-nonenal 
(43) (mixture of isomers, 553.6 mg, 32589 mmol) in ether 
(3 mL plus 2 x 1 mL rinse) and ethereal MeLi (1.52 M, 
SOOM oo 90 moO ljmine ether GClO.mis).. Kugelronr 
distillation (150°C, 10 mm) gave 3-methyl-3-decen-2-o0l 
(550 mg, 90%) as a homogeneous (TLC, silica, 1:5 

Grhyo acetate-—nexane Oil, A portion {273.89 mg, 637 
mmol) was dissolved in ether (10 mL) and chlorotri- 
methylsilane (0.25 mL) and triethylamine (0.28 mL) were 


added. The mixture was refluxed for 2 h, cooled, 


filtered through a pad (5 x 2 cm) of Celite and evaporated. 


Flash chromatography over silica gel (2 x 18 cm) uSing 
hexane containing increasing amounts (1—20% v/v) of 
ethyl acetate gave, after Kugelrohr distillation (140°, 
HOemm) (28D) y CLO lemg,= 25745) ,Olebetter thang992 spurl ty 
(VPC, DEGS, 95°C). The material was a mixture (NMR) of 
panda ZeLSOMenS Je tice rat OuO re coc toch (calm) wool, 
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840 cm ~:; NMR (CDCL 200° MHz)e.6 807089 (S,, 7205H) 0209 
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242;20645 (calcd for Cy 4H3,0Si, 242.2066) panal.. Calcd 
£Ox, C1 4H3)0Si: CEMOO MoD ae, 2.47 se rounds. C2090. Ou 
Hil 25 45's 


The flash chromatography also afforded, after 
Kugelrohr distillation (150°C, 10 mm), 3-methy1-3-decen- 
2-ol (258.4 mg, 65.1%) as an apparently homogeneous (TLC, 
Silica, 1:5 ethyl acetate—hexane) oil: NMR (CDCl., 
ZO Om MHZ) ako 7 OO OusGDYE he Olm=ato ey) GZ sO alo —— eo (Mm, 
PU ecnCOnDOLaLIngsdOUupleroeat 6 123,70 e—0.4aHZ,uiCal. 
Whe dsy Valo hele es ys Ogle 227 Ug —s0, 402 CaO on) Ons, 
Bee 1) pel ee) Ol Tl pasa OH) ci OOM MeSH pear Om Cl mie 01.4 
Hz ORO oH) a4) 7a CC me enon 4 oH a Oe OU i mboie lveee (Oia att, 


ap eS TSAR ray Os espe; eyeleh Were "he times. TAO ed Rodi bstevers Oy 


iW(3 Cyc lohexy lidene—2—buty))ioxylitrimet hy Psi lanes (49p)c 
The wprocedurc Lonm (45D) (wasetollowvedsusing y3—cyclo- 
hexylidene-2-propionaldehyde (49) (634.6 mg, 4.591 mmol) 
in ether (5 mL plus 2 x 1 mL rinse) and ethereal MeLi 
(15 25M, 04 SoM, Oso 4 MNO min set her (25 mL)... WwOrk—up, 
£ Lashechromatography. Overs liCande las (30x Loecm)  uSing 
1:10 ethyl acetate—hexane and Kugelrohr distillation 
(120°C, 0.3 mm) gave 3-cyclohexylidene-2-butanol (590 
mg, 83.3%) as a homogeneous (TLC, silica, 1:10 ethyl 
acetate—hexane) oil. A portion (220 mg, 1.426 mmol) 


of this material was dissolved in ether (10 mL) and 
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chlorotrimethylsilane (0.22 mL) and triethylamine (0.24 
mL) were added. The mixture was refluxed for 2 h, cooled, 
filtered through a pad (5 x 2 cm) of Celite, and evaporated. 
Flash chromatography over silica gel (2 x 17 cm) using 
hexane containing increasing amounts (1—10% v/v) of 
ethyl acetate gave, after Kugelrohr distillation (110°C, 
O-ernum), (Aob)a (2m, 26.s)" of better chan” 99%" purity 
(VPC, DEGS, 115°C). IR (film) 1078 cm; NMR (CDCl, 
ZOOM NII ZA eur s Ue Smet nyetle 4 6 (Co) = Ono, HZ coils, 
raise OPM, Olli; ie OU IS y= Ol) yar ee RG At), oO OT CC, 
Jao. Oo iz, lH) exact mass, 2iin VOLO TCalca ror 
Cj) 2H,30S1 (M-CH 3), 2 let ovo  ranal.Catrca Lor 
C)3H,,0Si: Cy OCs o On Hy 2) One Ee OU Clicemt Cen OZ. 
5p pe ipl leas! 3 Os 

The flash chromatography also afforded, after 
Kugelrohr distillation (120°C, 0.3 mm), 3-cyclohexylidene- 
2-butanol (145 mg, 65.9%) as a homogeneous (TLC, silica, 


1:10 ethyl acetate—hexane) oil: NMR (CDCl 200 MHz) 
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3-Cyclopentylidene-2-butanol (50c). The procedure for 
(45b) was followed using 2-cyclopentylidenepropionaldehyde 
(50) {132 12mg, 1.063 mmol) anvether (1 mL plus 2° x1 mL 


minse) “and ethereal Meta (1.80°M, 0. /emL, “26 mmol). “in 
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ether (10°mL).© «Kugelrohridistrilation® (852°cy2005immn) 
gave (50c) (131.7 mg, 88.3%) as a homogeneous (TLC, 


Silica, 1:10 ethyl acetate—hexane) oil. IR (film) 3330, 


i 2eonde ENMeS (CDCIe me? 0GeMiHZ) 46.1020 4d a1 6ce He) 


37 
Sele —2eO (MN, eich) poe0ss (Q,ndq= 6. 8eHhZ,5 1H)s [exact 


mMass,2240.0202" (calcdweror CoH, 60, 140.1201). Anal. 
Calcd for CoH, 60: Crease. OOF sete, oo) 50 c eee OUNC Ss ate peel desicD s 
Hac 5 8. 


PeCyec oheptyiideneé=2—propano). (51b) = whe procedure for 
(45b) was followed using cycloheptylideneacetaldehyde 
O51) (246. 5.04... /84ammol) win “ether .(lemuepius.2 x om 
rinse) and ethereal MeLi (1.52 M, 1.80 mL, 2.736 mmol) 
in ether (15 mL). Work-up and flash chromatography over 
Silica gel (2 x 20 cm) using 1:5 ethyl acetate—hexane 
followed by Kugelrohr distillation (110°C, 0.3 mm) gave 
(51b) (207 mg, 75.2%) as a homogeneous (TLC, Sia Cas eel 25 
ethyl acetate—hexane) oil of better than 99% purity 
(VPC ye EhEAP el 502C) i elke tli nes 55,8 LOS eles cmt; 


NMR (CDC1L 200) MHZ) e091 23a, 0 — 00 HZ, 65H): =. 5 
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{ [3 (2-Methylcyclohexylidene) -2-butyl) oxy}trimethylsilane 


(52b). The procedure for (45b) was followed using 


(2-methylcyclohexylidene)-2-propionaldehyde |(52) (787.0 
MG; os) MMOL) pinwether: (o.mL plus 28s Pomb- rinse) and 
ethereal MeLi (1.50 M, 6.9 mL, 10.35 mmol) in ether 
(Zoints —KUGeGlrOnreolscl tacron, (10°C, 0.5 mm) "gave 
3-(2-methylcyclohexylidene)-2-butanol (761 mg, 87.5%) as 
a homogeneous (TLC, Silica, 1:5 ethyl acetate—hexane) 


Otis: @ NMR E(CDCT 200 MHz) 6 1.0—1.3 (Series of 8 over- 


37 
Pappingr doubletss) GH..oVveralm))peiksS Scr (nee 2H) 49. 3 0— 
See. 5< (av, a) WAT pont ronie(4 22h mg, 2 eo 0tmol)a was 
dissolved in ether (10 mL) and chlorotrimethylsilane 
(0.38 mL) and triethylamine (0.42 mL) were added. The 
mixture was refluxed for 2 h and worked up as described 
forsr(AIbD)A" Che ‘crudeaproductiwas? purified byifilash 
chromatography over silica gel (2 x 18 cm) using hexane 
containing increasing amounts of ethyl acetate (1—202 
Vey) Kagelrohredisti Mat ton aa 60°C,270, mm)c.gave, (525) 
(200.5. moq,, 33.2%) sopmbetter tthanii932) purity. (VPC ADEGS, 
Sie) T aR 2Chr lim) 2t252 84085 cm 7; NMR (CDC13, 200 MHz) 
6220). 08:85,270;. 07.95 0:04 47, 0.0415) (Louns singletsyi9Hvoverall), 
0.95—1.2 (series of 8 overlapping doublets, 6H overall), 
1.2—3.0.(m, 12H), 4.75—5.00 (m, 1H); exact mass, 
240 oO Oveal Cal cds loriCs HOS tse 240.1909) 5 “Anal Calcd 
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The flash chromatography also afforded, after 
KUgeLLONYr -aisti lation se the starting alconol (240.9 mg, 
57.2%) as a homogeneous (TLC, Silica, 1:4 ethyl acetate— 


hexane) oil. 


[2-(4a8,8a8-4a-Methyldecahydronaphthylidene) ]-2-propanol 


(53 b)e Thesproceduresmtore(45b)" wasefollowedtusing (53) 
C48 2emg,) O.77iemnoel) ane ether s(t lume plusiZesxmd nierinse) 
and ethereal MeLi (1.52 M, 0.75 mL, 1.156 mmol) in ether 
(10 mL). Work-up, flash chromatography over silica gel 
(2 x 18 cm) with 1:8 ethyl acetate—hexane and Kugelrohr 
dastd Wations(1 60°C) m0. 168mm) gave. (53b) (124 mg, 77.2%) 
aS an apparently homogeneous (TLC, silica, 1:8 ethyl 
acetate—hexane) oil of better than 98% purity (VPC, 
FFAP, 210°C). The material was a mixture (NMR) of 4 
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diastereoisomers. IR (film) 3330, 1660, 1055 cm ~; NMR 


CEoreal. 200°MHZ) 6p 0.9 ——2 5 (nm eee, INnCOrpOrating: 4 
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Reaction of cyclohexylideneacetaldehyde (45) with Me,CuLi 


in ether—pentane. General procedure (D) was followed 
using (45) (136.3 mg, 1.098 mmol). The enal was added 

at -75°C to the solution of MeCuLi and the reaction 
mixture was stirred at this temperature for 2 h. The 
temperature was then allowed to rise to -40°C over 2h, 
the cooling bath was removed, and the reaction was 
quenched by rapid injection of saturated aqueous ammonium 
chloride (10 mL) with stirring. Usual work-up and 
Kugelrohr distillation (130°C, 10 mm) gave a product 


(105 mg, 68.2%) that was comprised (NMR, 200 MHz) of 


(45a) and? (45b) =in®thesratio™s7 213% 


Reaction of cyclohexylideneacetaldehyde (45) with 


Me,Cu3Li, (0.5 equivalents) in ether. Procedure (A) was 
used, except that only 0.5 equivalent Me,Cu3Li, were 


employed insether “(10 mL). Enadie (45) 9 (127: 25mg, 01-024) mmol) 


was added to the cooled (-75°C) solution of Me,Cu,Li, in 


ether. After 2 h at -75°C, the temperature was allowed 


to reach -40°C over 1.5 h, and then the mixture was quenched 


with aqueous saturated ammonium chloride (10 mL) and worked 
up as uSual. Kugelrohr distillation gave the product 

(93.8 mg, 65%) comprised of (45a), (45b) and (45c) ina 
ratio (VPC, DEGS, 140°C, relative peak areas) 91.5:1.5:7. 


The ratio was confirmed by the NMR spectrum (CDCl3, 100 
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MHz) of the mixture, in which the presence of (45c) was 
established by comparison with the spectrum of an authentic 


sample, prepared according to the ter acir aes 


Reactions of cyclohexylideneacetaldehyde (45) with 


methylcopper. To a stirred, cooled (0°C) slurry of cuprous 
iodide (570 mg, 2.99 mmol) in dry ether (15 mL) under a 
nitrogen atmosphere, methyllithium in ether (1.8 M, 1.50 
mL, 3 mmol) was added over 5 min. The orange slurry was 
ehen4cooled s€0.447,5°C Jandy (45): (31.6 2 emayi.e2i054.6)"mmol) in 
ether (2 mL plus 2 x 1 mL rinse) was added (main portion 
over 5 min). The mixture was stirred at -75°C for 1h, 
then the temperature was allowed to reach -10°C over 

3 h, the bath removed, and saturated aqueous ammonium 
chloride (10 mL) was quickly injected. Usual work-up and 
distillation gave the product (232 mg, 54% corrected 

for recovery of starting material) comprised (NMR, 100 


MHz) of unreacted (45) (50%), (45a) (33%) and (45c) (17%). 


Us 


Decarbonylation attempts on (l-methylcyclohexyl) acetaldehyde 


(45a). 


(i) A dry one-piece apparatus was used consisting of a 25 mL 


round-bottomed two-neck flask fused to a reflux condenser. 


The necks were fitted with rubber septa, and the flask 
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contained a magnetic stirring bar. Tris(triphenylphosphine) - 
rhodium (I) chloride (656.0 mg, 0.709 mmol) was introduced. 
The system was alternately evacuated and filled with argon 

(3 cycles). Dry, degassed acetonitrile (15 mL) was injected, 
followed by (45a) (99.2 mg, 0.707 mmol) in acetonitrile 

(1 mL plus 2 x 1 mL rinse). The mixture was then stirred 
and refluxed under argon for 90 h. VPC was used to 

analyze the mixture (APIEZON L, 75°C for 2 min, then 
increased at a rate of 30°C/min to 150°C, n-decane as 
enternalestandard) | 1; l—-Dimethylcyclohexane (55) 

(identified by VPC comparison with a commercial authentic 
sample) was obtained in 9% yield. The starting material, 


(45a) was present in 80% yield. 


(ii) The reaction was run in a similar way using 
tris(triphenylphosphine)rhodium (I) chloride (461.1 mg, 
0.498 mmol), (l-methylcyclohexyl)acetaldehyde (45a) 

(179 mg, 1.276 mmol) in distilled, degassed benzonitrile 
(3 mL). After 16 h, VPC analysis revealed 20% yield 
(based on the rhodium reagent) of 1,1-dimethylcyclohexane 
(55) and 60% unreacted (45a) (APIEZON L, above conditions, 


n-decane as internal standard). 


Reaction of 3-isobutyloxy-5,5-dimethyl-2-cyclohexen-1- 


one, (56) with Me,Cu3Li.. General method)}(B)efor reaction 


of enals with Me,Cu,Li, in ether—pentane was followed 
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using 3-isobutyloxy-5,5-dimethyl-2-cyclohexen-l-one (56) 
(180.6 mg, 0.920 mmol). The enone was added to the 
cold a(—50°C), solution oF Me.Cu,Li, and the mixture was 
allowed to reach, 02°C overs 1.5 nh, kept at, 02°C for, 30, min, 
and quenched with acetic acid according to procedure 
(Ej. Usual work-up andydastillation {Kugelrohr,, 95°C, 
O02omm) ave wnreacted) (56). .(1/0.90 mo ,a25%)7e OL better 
than 98% purity (VPC, DEGS, 170°C) and identical (NMR) 


with a sample of starting material. 


Reaction of 1,3-cyclohexadiene monoepoxide (57)+*® with 


Me,CuLi. Topa. Stirred,. cooled, (02C) slurry. ot-Cuprous 
FOGG (622... 3. mogi, 3. 240.mmol) anadry, ether (102 miL)s, 
methyllithium in ether (1.56 M, 4.20 mL, 6.540 mmol) 


was added under nitrogen over 5 min and, after a further 
126 


5 min at 0°C, 1,3-cyclohexadiene monoepoxide (32) (147.9 


mg, l..539, mmol), an, ether, (lamb, plus»2 x lymL,rinse) was 
added over 5 min. After 30 min at O0°C, cold, saturated 
aqueous ammonium chloride was added (10 mL), followed by 
more ether (30 mL). The organic phase was separated, 
washed with brine (50 mL) and dried (Na5SO,). Evaporation 
and Kugelrohr distillation (120°C, 10 mm) gave the product 
(138.2 Mg, 80%) containing the known neeedaupaee 8 of 


2-methyl-3-cyclohexen-1l-ol (57b) (45%), 4-methyl-2- 


cyclohexen-l-ol (57a) (45%) and 3-cyclohexenone (57c) (10%), 
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as shown by NMR (CDCl 200 MHz) and VPC (DEGS, 120°C). The 


be Hed 


mixture had NMR (CDCl 20 00MHZ). 6) 0795 4d, = 7 Onn, 


a 
aera )pe05, (0, ie mOmzet 2 101 35H), lel 5b —2 35 (mM, + 5.7H) ; 
2.48 CiyesO 2H )i, eo Osmo 1H), 93. 4) (Mp 0 a bo) ee Sm, 


0.451 )i,00 5-5 695) (i, Zt 


Reaction of 1,3-cyclohexadiene monoepoxide (57) with 


Me,Cu,li,. To a cold (0°C), stirred suspension of cuprous 
god1der(903.5° mg, 4.2744 mmol) sin dry ether (15 mh), 
methylritnium. (1.56 °M, 25.05 mL; 7..907 mmol) was. added 
under nitrogen over 5 min and, after a further 5 min at 
U°C7 ty -cyclLohexadiene “monoepoxide (57) (14375 mg, 1.493 
mmol) in ether (1 mL plus 2 x 1 mL rinse) was added over 

5 min. After 30 min, work-up as in the reaction with 
Me,CuLi, followed by Kugelrohr distillation gave the 
product. (131.8 mg, 79%), consisting (NMR, VPC, as above) 


Ora 4254. 5°) 'mixtuce Olen 57a 7D) banar(57C)., 
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Hund 7."C. Dj Jenkinis PW .W tor sOng -'Chem..'190)5 7722704418). 


CayetJolidon, 'S6-. Hansen. ito Hel v7. iChims Acta: 49.7.7 
60/9782 >o°(See) also’ *(b) *Balldwin, J.E.; Tzodikov ,N.R. 
Ja? Org etChem. 91:9 7273624 2709 7.8% 

For a study on kinetic vs. thermodynamic addition of 
benzeneselenenyl halides to olefins, see: Raucher, 
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a) Iler, R.K., "the chemistry of silica"; Wiley- 
Interscience: New York, 1979; p. 462. 

b) There seems to be agreement that above 120°C 
most of the water adsorbed on the gel surface is 
lost, except the water contained in micropores. 

On further heating (up to 180°C) it is claimed that 
more tightly bound water molecules are also removed, 
although loss of silanol groups (with formation of 
Siloxane bonds) appears to be Significant, this 
leading presumably to a decrease in adsorption 


Capability; scegllempagk-K=, VOPegClE-; DO.) 622-59. 


Griecos (PsAi snGilman; Si+eNishizawapeM.mgskOrg. Chem. 


OT Gpea lel 485. 

Pneeurspanpkacularheasenri eo, mvls )teattalyethe 
nitrogen is unlikely to participate because of the 
electron-withdrawing effect of the alkoxycarbonyl 
group, and’) so the rimgpsize as unlikelyatoachange 
during replacement of the OH group by PhSe. 

See (a) Booth, H., in "Progress in Nuclear Magnetic 
Resonance"; Emsley, J.W.; Feeney, J.; Sutcliffe, L.H. 
Basrerengamongrress 7 Ox toudslI697. VOLS ap al 62 

b) AnteundSpmMecBuld Soci ychimwBelgesr1 966775, 413. 
CjisAbrahamy | Re steParryvnekere thomas, =W.As)Jenchem. 
Soc sy(B) 1971, 9446 -fetteishapprecrated, however, that 
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33. 


34. 


have an effect on vicinal proton-proton coupling. 
There has been controversy on the subject (see Ref. 
32a), but it seems established that in rather rigid 
cyclic systems (three- to five-membered) electro- 
negative substituents having a lone pair aligned 
with one of the C-H sigma bonds involved in the 
coupling cause an increase in the absolute value 

of the coupling constant (see ref. 32b and 32c). 
The increase is especially marked for protons in a 
transoid relationship. In some five-membered ring 


amines J is almost as large as J but 


trans ers” 


derivatization of the nitrogen reduces markedly the 


effect, presumably by delocalizing the lone pair. 


These phenomena, however, do not affect our arguments, 


Since a decrease in daa a is not normally observed 

in systems with electronegative substituents. In 
face, min (l8)ymonithe basiseon decoupling experiments 
(see Experimental), the coupling constant between 

He and Bpytsaioeize 

a) eMeConnelland.GsstBlum, eM. Styirrales pik <M: 
Tetrahedron LOM ia] erro. 

b) CMR and mp of the derived hydrochloride were 
identical with the values described in (a) and 34. 
Moriyama, Y.; Doan-Huynh, “De; Monneret, C.; 


Khuong<duuu, 0. Tetrahedronmuccta, 197 i. .625. 
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Experiments performed by Dr. A. Singh in this 
taboractory onatchesurethane derived from) (22); .under 
our conditions, show that in this case also the 
reaction proceeds with complete selectivity to 
yieldathe ‘cisedisubscituted product, salithough sin 
Gather poor vyleltdw “SseevClive Deb uae farina, Vas 
Singh; Av; Wong, 1.C.Ka- Kiel, WloA.: Menchen,.S <M. 
wenOrg.) Chem. 19390), 45, 2208 

The trans dialkyl N-nitrosopiperidine would probably 
be the more stable isomer. See (a) Fuji, K.; 
Tehikawa,.K-;)'ujata, ©. . ChensesOGuererkine ) e980, 
LOGG; sa liso ((b)i -hraser, han. iGhand ley, «l-be can .e-0.. 
Chema 19/5;6- 571-440 hORsrenOVvalec om cheaniTL Loco 
group see (c) Seebach, D.; Enders, D. Angew. Chem. 
Unie el O77 a7 Se 

For example, it was not possible to rule out the 
Presence On some (26) in stneccemmaxtuces. 

The purest sample of (8a) was obtained after quick 
column chromatography over silica gel, using 
dichloromethane [28% yield; composition (8a): 91%; 
(8b): 9%]. Alumina gave mainly starting material 
and low (<102) = yieldvot earth: ymixture of 9 (S8a)eand 
(8b) (Experiments performed by W.A. Kiel). 

Stal WwW. OC. esha eM neh ora a 60s. OLO, Chel Lo Lor, 


43, 2923. 
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bOsner, Goh ongewecnem. Int. ba. 19787 Jb fering Reins 
Cheer, C.J.7; Johnson, C.R. J. Am. Chem. Soc. 1968, 
Om Bro. 

See, Lor, Cxanplereiuminati, G.;) Mandolini, ,. 


Acc. Chem. Res. 1981, ag Oe 


a) Jung, M.E.; Lyster, M.A. J. Chem. Soc., Chem. 


Commun. 1978, 315. 


DP Olah, G.A.7) Narang, o.C.; Gutpa, B.G.b.; eMaLhotra, 


Regus OG. Chem. 2979, 49,1247. e0rethanes (la), 
however, was found to be inert to Me,SiCl-Nal in 
acetonitrile: teyeClive, DiL.J.; Kale, V-N-) J. 0rg. 
Chem. 1981, 46, 231. 

See Barton, J.W. in “Protective Groups in Organic 
Chemistry"; McOmie, J.F.W. Ed.; Plenum: London, 

iv Jo 3p. 43. 

For a review on the organic chemistry of silicon, 
see: (a) Fleming, I. in "Comprehensive Organic 
Gnemistry 3) sbarconyD HW. n ee wOLl 1S ,. WD aes a 
Pergamon Press:) ElmMStOra oN...) los OF VOle es, 

pp. 541-686. (b) Magnus, P. Aldrichimica Acta 1980, 
S74 

For example, a silicon-directed version of the 
Baeyer-Villiger oxidation has been described, see 
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48. 


49. 
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51a, 


52. 


VWamenuje dT wyZellers, E.T teachin bd. ama Chem? 

Soc. 1980, 102, 6894. 

See Jarvie, A.W.P. Organomet. Chem. Rev., Sect. A 

107 05836, (158; 

Reich) eH20 esha, Seka . Ong —wiGhema 977, S2agl 7 7 3. 
After the completion of this work, the reaction of 
Vanylsadane) (37) with benzenesud fenyimchlonidesito 
Vaet dasa je has been Wsscrabed: g.Cookc, ate raMoenck se Re; 
Schwandemannjed .«;Magnts). Ps; J. Org.eChem.c1980, 


45, 1046. 


Me.Si (Cal 


Phs 


The regiochemistry of the addition (and the lack of 
elimination) are ‘consistent with oureresults and 

are rationalized in a Similar way. 

For the sulfur analogue, see ref. 49 and references 
cited therein. 

Babvorn,  C.. WevLereyV yw .c en ele COCs yoo Oe ace ZiOo a 
For a study of the acid catalyzed intermolecular 
ring opening of epoxysilanes see: (aye HuGr Tike =e ie: 


HUACrTIAK -A-M> se RONa, Reve. Misra, RUN. :) Withers.’ G.P. 


Je LAM 5) sCNneM a oOC. me Lino ore oo 3 6 Ad SOs) PRODDING 


C.M Ysa WhitohaMmy, G-H.en seem. = SOC, 1cnem.. Commun. 8.9701, 


697. For reaction of cuprates with epoxysilanes, 
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see: (c)” Huderiky seers; Peterson, Do: Rona, R.v. 
Js Org.m@hem. 9975), 40,7 2263. (Forgreaceions with 
lithium aluminum hydride, see: (A)VESCH Vudu. 
Trainor, Oil wUrOrg -wcnemn. L968  2ergez 070." For an 
example of intramolecular ring openings of epoxy- 
Silanes, see: (e) er hlinger, (Es; —agnus, Pod. Am. 
Chem. SOC. 1 96 077702850040) ‘Thescarbonyl oxygen 
atom has also been postulated as an intramolecular 
nucleophile tornmepoxysilaness | (f)Stork, GC. Jung, 
M.E. J. Am. Chem. Soc. 1974, 96, 3682. 

Allylsilane (ii)) has been shown to cyciaze smoothly 
to tetrahydrofuran (iii) simply during chromatography 
on acidic alumina (the regiochemistry is the one 


predicted by the f§-effect): 


SiPh, | SiPh, 
——————————_> 
HO ~ O sea) 
(ii) (iii) 
see Corriu, R.J.P.; Masse, J.; Samate, D. 


J. ,Organomet. Chem m7 Symone AL CCenite example 
Of cyclization of a functionalized vinylsilane has 


been reported by Magnus [see eq. (53), ref. 52e]. 


164. 


Pe | 1 BMGA 3 Pa 


djiw enoitosey & 


4 


‘Get ,doeke- (6) 


ot .O0TES .8f ,€6ek si er Mi 


Ee . 
79 20 epdineqo pris an Sire ko ttnk Bo 


_ er 7 
eM <¢.8 ,ssenr lag (a) 7 ese (39 


7 a = 
| . fgnadseo off 8002 ,S0T [ORC Leibes 
ifn . ae - 


t¢ar a6 2e bersaloveor nved OnE 


RIOTa \ i} 2ennl tage 792 Ss 


~ 
7 


see 'e! .[6¢~.0ed9 «MAO oe 
ET 


(24). sneiitely he 


| ao 
[4 i 2a 6 1uIo <oyiasje es 


ot) sriimets sibiss 
_ 


> oa c ; 
> 7~ 5—f} Le {7 yd Sect® re 


fveoky besiiasottoaut « to coksase, ne 
7 
a 4 (62) ape soa) abnest vd botsoqm's as 


: 


ve. a 


54. 


Doe 


DOr 


SiMe, 


THE 
: (53) 


(iv) 
(v) 


Here, however, the observed regiochemistry might be 
only a reflection of the fact that the alternative 
5-endo closure is seriously hindered. 7 

Huynh, C.; Linstrumelle, G. Tetrahedron Lett. 1979, 
1073 and references therein. 

Lemieux, R.U.; Morgan, A.R. Can. J. Chem. 1965, 43, 
2290 

It must be understood that the figures given for 
the coupling constants represent absolute values, 
the sign being presumably negative. For a useful 
compilation of geminal coupling constant data see 
(a)" -‘COOKSON;, cReCe, sClLabb TEL n ee rankel, guiness 
Huaec, J. Tetrahedron, 1966, Supplement 7/7, 355. 

(Db) Chivers, © ules Crabby mien. Letranendron 91970; 
26, 3389. The theory oregeninal coupling 1s 
discussed in (c) Pople, J.A.; Bothner-By, A.A. 

Je Cheme PnyYS- 1 900,;e2; oso. 8FOU ean rat lOnahiza= 
tion of the effect of vicinal heteroatoms on geminal 


coupling in 5- and 6-membered rings, see ref. 32b. 
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These arguments have been used to justify the observed 
a-opening in epoxysilanes: see Hudrlik, P.F.; 
MasrayaRoNe:) Witherss)GeP: ss Hudrlik,; AgMeseRona;,R.J.; 
Arcoleo;, 3d -Posatetrahedron) Letterl976, 714535 
Equilibration could occur under our experimental 
conditwonsy ,seetita) $6livey DuLed.J7.e¢hemopsoc.:; 

Chem séCommun’. MiE9745, 1007. (b)ijRepeh, FH. J tied an0Ong. 
Chemeelo7aye4a2s eroce also refig 28: 

See, for example R.B. Yeats in "Terpenoids and 
Steroids"; Overton, K.H.; Senior Reporter, Specialist 
Periodical Reports; The Chemical Society: London, 
N97 9S VObahos 

Other methodologies have appeared in the literature: 
use of aluminum alkyls, see (a) Jeffery, E.A.; 
Meisters, A.; Mole, T. Austr. J. Chem. 1974, 27, 

2569. Use of cuprates with unsaturated sulfones, 

see (b)ePosnen, »GShaneBrunel le, iD.d3a,.J2nOng.&Chem:. 
L973, 28, 2040. shromgacetals 7 seca(e)mBianchetti, 

G. Ann. Chim. (Roma) 1970, 60, 483. Use of alkyl 
titanium reagents, see (d) Reetz, M.T.; Westermann, 
Je: Steirnbach, RR. -JtuchemssSoc.:;; Chem. Commun 2.1984; 
237. Also (e) Reetz, M.T.; Westermann, J.; Steinbach, 
R. Angew Chem Clint sged. 46980, 79,4900. vatise of 
cyclopropanes: see (f) Yamada, K.; Kyotani, Y.; 


Manabe, uS5;Wsuzukin Ma Tetrahedrone 19797) 3577293: 
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(G)MOppOrZer aiw; Gcoae..,»T. JAM. Chem.msSoc., W978, 
OO 2ossr 

For example, see: (a) Trippett, S.: Walker, D.M. 
Chemig Tndsenlo o0n e120 25 (b) Meyers, A.I.; Nabeya, A.; 
Adickes, H.W.; Politzer, I.R.; Malone, G.R.; Kovelesky, 
ACs INO Ven; tines, seOrEnOvy1R.Ce J. Org. Chem. 1973, 
ou 0}. (ec) Mevyers).'A.1.;" Monavie Re Durandetta, 
JeeDetrahedronwpectcin972 PS 929% (d) Meyers, A.I1.; 
Temioka, Ki7) Fleming, fM.P.wJ.,O0rg 1 Ghem.-978,, “437, 

oy Sor (Q)@Brinkss Mee synthesis 1975,)253. (fF) Coney., 
hd et) Enderss . Des; Bock;” MvG.. Tetrahedronshett . Lo76, 
Verio) a Dauben, WaGss MiehnoMIDiMea de Orng.e Chem 1977), 
42, 682. (hjeBablen, Jin. -wCeoghtan MJ oyntnh. 
Commun. 1976, 6, 469. (ai) Corey, Ed. shnaers, D. 
Chemem ber, 976 Belay 362: (j) Rousseau, G.; 

Lei Perchec!,9P.; Conia, J:M.Synthesis? 1978) 67. 
(K)Oirostyeb. Mi-eStanton,) Jeb .2u. Am. Chem. Soc. 
LOT Sao PAO Se et) MERELING Mat aPanconsiar. Jy 
Tetrahedron Lett. 1981, 2021. (m)GWittig; G.-; 
Reifii;yen. Angew. .Chemniminee Eds. 1968) a7e ai . 

(n). Takahash. 7H. --Pugiiwara,? Ks; ) Ohta, Me Bul4weechen. 
Soc. bUpn -M1 9627 83 5 4908 (o) Nagata, W.; Hayase, Y. 
gi) Chenm-*Soc-s Gi? 1969's 460% (Pp) Mukaiyama, T.; 
HavashayiM. Chem. lettwe1o74,.15.) Mq)eMukaivama, T.; 
Banno, K.; Narasaka, K. J. Am. Chem. Soc. 1974, 96, 


1503. (mr) @Wollenberd, wh Hy. Albrzatil, Kot. 3 -Peries, Rk. 
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Jen Ame Chem SoG 19773," 997° 7305. (SNUE VC 2 oo 
Faiou,- Ss3='Touzianjy7A.M.; 'D* Angelo, dU. Tetrahedron 
Lec. LIF E3589" (oO) Lau, Kes: Yxer Schlosser.” Ms 
Jew Orgs ‘Chem -e7 97/6743 1) L595". 

For decarbonylation of aldehydes, see: Tsuji, J.; 
Ohno, K. Synthesis 1969, 157. 

See (a) Wakefield, B.S.: "The chemistry of 
organolithium compounds"; Pergamon Press: Oxford, 
LOT4s. p38" Also €0b)\faschners,: Mid-seikrauss,4 G.A. 
Je Org? Chenu 9 iow a5 223 oF 

(a) Milvalles, R.; Jacot-Guillarmot, A. Helv. Chim. 
Ret ars 9G'6 254.978 23573). (b)icheminaty,, “B.e .Bulds? Soc. 
Ghim. "Fre 9 72s, ) 934 St. (c) Boccara, N.; Maitte, P. 
Bulle Soc... Chin. Pies ov i 4 48). 


(a) Gocmen,.M:s- Soussan;,: M.G.+ Freon,7:e., Bull.) Soc. 


Ghamse? Fas. 41:9 792. EA ae (b) Gocmen, M.; Soussan, M.G. 


Jie Organomet. Chem. #978 teiGii. Po: 
(a) Mcintosh): tu-. M S:s Khadalem BeastGan 0 4 iChem.2.1978, 


367 2134: (b) *Kry shtaiwiGevys-) Kulganeki7 WV Via 


Kucheroyv: Vee, Yanovskava, +5.A. scynthesis. .1979,,..107. 


(c) Bonavent, G.; Causse, M.; Guitard, M; Fraisse- 


JUL EPLen eR eBulh.. «Soc stehimneser. 964, V24628 


(d) Marschall, t.; Vogel, Ore, Wweyerstahl »*R. Atetrahedron 


LeG@es 419.657 SET 5: (e) “Wartski.,. -L.'; ElL-Bouz, M.; 


Seyden-Penne, J. J. Organomet. Chem. 1979, 177, 17. 
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In fact, Corey has introduced a synthon equivalent 
to a,f-unsaturated aldehydes for the purpose of 
achieving conjugate additions: see Corey, E.J.; 
Booger, (Dido. tetranedron jLett.. (b97/8 pidben Corey, B.d,. 7 
Booger, Dil. wTetranedron Lett.” 1978, 19. 

Bosner 4G. H wOrg emeactions 197.2, 19 ,8u.. 

See, for example (a) Boeckman, R.K., Jr.; Michalak, 
Rud jam. Chem. mipoc. +1974, 96, 1623. (b) Andersen, 
N.H.; Ladner, D.W. Synth. Commun. 1978, 8, 449. 

(C)- L200 tla. browne, BEANS C. iCan.s Jue Chem. 4197-6, 
36, 306. (d) eTrost oe Be Mées Tamko 20... smotanton, J. L. 
J~«.Chem.s Soczs Chem-.sCommuns:2:978, 45.6« (e) Hansson, 
A. ;,Rahman,. Met.; Ultenimus,. C.cActaaChemeescand: 

P97 Sie 3 Ze 8 3 (P)eMarinor d Po: EF Loyd, De. 
Tetrahedrons lett .e1 0/55 » 38971. (gq) AAgerreD «Jit; 
Fleming ised <) Chem ASoce, eChemipeommune, LO7s ,9177.. 
(h) Gustafsson, B. Acta Chem. Scand. 1977, 31B, 382. 
(1) Bertz, S.H.+Tetrahedron Lett.; 193805,<3151% 

(j )mechwartz, Ms; sWakabayashi oN. ;achang;, BsGe 

Org. Prepeyand Process nbeamBbrier ss 1979, 44151976 

(ki Boeckmany RekKiyatsevesrucay, Kidvs Batdwin, J.E.> 
Lever, yO. We, J@.7J0. Ghems  Soce, Cheme Commun.64975, 
5L9 « (2) Hammon, A.:) Lacoume, B..: Olivier, /A.> 


Pilgrim, W.R. Tetrahedron Lett. 1975, 4481. 
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fay Cult Cor OuLOn yi <P.) “NOEMalN t punselne 
Peeranecdvonel! 980; o0n 2505. (b)iiChure, wea; roulon, 
Jere, NOIMaNt, Uere reerahecdron 195l, 37,7 loeo. 
HOUSE AH. Ope WeeKiiys Moc. "Org. Chem. 1978, (43, 
2443. 

House, Hs0. @icCemeneme nes. (97'O pao oo 

House, -HvO;; Huber, Uk. Umen, May. 0 . sAm. Chem. 
DOC Lol 27 94 tO au ine 

See, for example (a) Whitesides, G.M.; Kendall, P.W. 
Je Org. ‘Chem! 92d woo. POR awrecentestudy, 
see: (b) ‘Krauss 4Sare: Smvth oo o.Gee...cAMee chen. 
soe. 984, 103, 14 leand reterences: Lherein: 

House, HOSA CnC ow. | IW it) Seer Mer etUMeTine ht ens « 
Jee Olof. “Chem. 197.5, 8407 814600. 

(a) House, H.O.; Respess, W.L.; Whitesides, G.M. 
Jerr OE Cie. SECO; eo fs O. (b)> House,..H.0.); 
Prat Cane je) a) FO POLO em CCI wm OS)20 no. 

(cy) House, -H.Ovs Trarircante, D.Ds; “Evans, R<A. 

Je tOrGee Genel. 1965, — cons ooo. lhe greagent Me,CuLi, 
does, however, add to ketones: see (d) Still, W.C.; 
McDonald, Tou. Tretranedron=Lett. 1976, 2659. 
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J. Am. Chem. Soc. 1972, 94, 5106. (b) Barreiro, E.; 
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Luche; «J..l.; Zweig sod. ; -Crabbé,.P. :Tetrahedron,Lett. 
L975 4523 534 

See, for sexample; sAshby, -E.C. 7; .Bowers, .J.Ra, "dre 
moram, Chemyssoc wet 98s, yl 03, 2242, 

CaymHouse, H.©.;mSnoblemekwA.danJ.7O0ng.. Chems31976, 
4k; 3076< (Dy GHOUSepAH sO. > eChuynGuy . W..Org .eGhem. 
UIWG 4 les 083% 

Osborn tIcAvpedardine eh. Hes Young, Jabs 74Wilkanson, 
GoeJsaChemanSocratA) ei966,:)17 lia sSee also; ref. 62. 
Shuaner, Rob. Orgamkeactsonsal 942g0) , de 

Honwad; ViKigmRao; /A.Se CunrenteSca. {india) 71965; 
34, 534. 

Webby, bE¢G. ;ewatkins, ia) emus Als = CNeMarSOC. ull O70; 


99, 5312. 


KautimangaG -Bowmrveter aL Acginorge Synth. 1968747, 9- 


Ashby, EVC. :-Bbin, toed 3 Wablins, fos tn JUenOLGem Chem. 

19977564276 1099. 

Based on the hypothetical equation: 

Me,Cu3h1, a 2R, R,{C==CR,CHO > 2R,R,MeC-CR, 
+H SMeCu 


=CHOLi (54) 


See ref. 77b and references cited therein. 

For example, see (a) Van Rheenen, V. Tetrahedron 
Rett 1969 S985 heaxbeBriaggs,)bsH.;aBartley, (\J.P.; 
Rut ledge, ares meciranedron Lett. 11970, 1237. 
Vollnardewe her Cure NK ee Robes AMC nema SOC. 


D9C07) 02,5252. 


a ee 


-TIS notbod $3207 


ee ee = 


st 


_ 


a al a, PAs 


- 
+ - < - ti 


ey fT, «wow fal tonya 


feos. 


08 « r9et 


res > .p70-.6 Gi An pp = 
| of t Of ,esuol td) 
i, ; ‘ T St 
t 22 (A) 
CAS DEOR- 4 OW 
- _ FR = 
i j _ OF 
i 2 - 
co yW o aa x 
Ss 
SIRE. 
Ee _ a 
"a ay =) saemy vBa 
’ -- 
l eth hua 2.t~ eas Si 
~ 
PQOL «Sb yg FFB! 
: _ ae _ _ 
i? j ert $e vA art mo £y 7 
Ons pi 2 ==") 8 : g be 
asons teie F d¥¥.« 
o2 eT .V y@resdh -isV¥ (5) som alate is % 
7 i YY: _ 
2 126 ¢. Bal «<@pvpizrd. id) cee oP A ee +a 
7 » i rh 
TF Orel eSFQl mx bani ssIeT 2.9.82 bo ft: 
oe 
) sm G «TK.  Anwt 4.9.9.2 ,3bu f: 
i ; a 


2a 


-Eeke, £0: a ,nbe 


OU: 


re 


92. 


03% 


94. 


Oe 


96. 


Methylenecyclopentane is less strained than cyclo- 
pentane (ca. 0.9 kcal/mole) while methylenecyclo- 
hexane is more strained than cyclohexane (0.55 kcal/ 
mole); see Schleyer, P.v.R.; Williams, J.E.; 
Blanchardymk? Red maleChem: YSocm@e1 97 08927 237i 

(a) See ref. 76a; also (b) Van Koten, G.; Noltes, 
J.G. TvnachemleSocm, Chem. Commun. 72972, 94025 “Lithium 
dimethylcuprate is dimeric in ether, but its structure 
has not been established: (c) Pearson, R.G.; 
Gregory, -CaDeeJ. Am; Ghemansoc:? 197 6 7o98 74098. 

(od) ASanGrai ppogsd aprdn.eenonge chem. 197877177) 2757. 
Gbeyendeckerj;nh.; (Drouin piananconia, (J. MeeNOuUVeW . 
elim, 1979782 fa27 Ie 

(ayicelaviepmD Etc. >; thapina,s aV.; SBeauliteu ,oP. esecehem. 
Soc.; Chemscdcommun. 71 9st 64s. (iD), Clave D see .* 
Farina, V.; Beaulieu, P. manuscript in preparation. 
Seechemmile fds: CAsnby7sEsCopeROMING; PPtVE2Ot.Org. 
Chentw U913 513 Cyae 2 OpmanGewcrcrences therein.) "Aliso 
Cieplak, A.S. J. Am. Chem. Soc. 1981, 103, 4540. 

(a) Chérest, M.; Felkin, H. Tetrahedron Lett. 1968, 
22052, (ib) ChésuestjeM. 3]. belkin anerrajerman;,. Ct 
Rettahedron lett. 197137927) (Cc). ;Chérest; M-; 
Felkiny HA Tetrahedzon Lett. 71971, 3issx 


See refiis.32a, page 231. 
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J/% WayeJOhnson, «Fife Malhotra, .S.K< J%+Amvechem.. soc. 
196579874 -/5492. (b) Johnson, F.; Malhotra, S.K. 
Js eAm + Chen. SOCl 965,487, 5493; (ec) Johnson;-F.: 
DixypeDs ts. Jeeame chem. Soc: LO7L, oF, 931. 
98. For an example of unsuccessful use of Me,CuLi due 
to steric hindrance, see Casares, A.; Maldonado, 
Lok. SSyreheaconmun. w97-6, SPALL 
99, Martinyms. PAATetrahedrony 19807926 ,2 4095 
100. a) Starosckik RJ aeeRickborn ,*Ba Jeanne eChem-ySoc. 
OPT e937 es 046.. (b)eWaieland, D.Mc wWohnson. C..R. 
JorAmssChemtysoces 2971938, 30475 
101. Seefi{a)@Marano;,eJ5P.; -Hatahnakay UNn.+3<.8Org .9Chem- 
1979, 44, 4467. (Db) @Marino, UVP VFErLOyd ;DeM: 
Tetrahedron Lett. 1979, 675. See also (c) Wender, 
POAy Erhardt, od Mee -Letendre, LJ: Jee Ame chem: 
SoceMi9stT, 103; 2114" 
102. Purchased from Chemical Dynamics Corporation, 
South Plain Field, New Jersey. 
103% SKOLLON, WG SbAaCLaWSKi, »LoM. sul OFg. Chem. 2976, 
41, 1879. 
104. House, Hi0:; > Respess, (W.L38d. Organomet. "Chem.- 1965, 
4 OD 
105. Kuivela, H.G.-sBeumelA.OFCko.J. -Amuechems>Soc41965; 
83, 1246. 
106.. Korte; ebcbe sHegedusvenas.;) Wirth, R.R. J- Org. Chem. 
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L075 Crus tole Sed). perpceeman,.P. Kir JasaAm. ‘Chem. ‘Soc. 1961, 
83, 4427. 

HOSt= BUU-HoOd MoM. > aCagnwant, ‘P.aBulll {2Soec.8 Chim. Br. 
LOSS 7257 908", 

POS%» Latorge,* F #B.3; Greentj an. 7) Gersadorht wea. U0.) Am. 
Chem. s0c.) 19467, 70, 37 07. 

110. The evaporation and subsequent heating of the azide 
were done behind a safety shield. The apparatus 
was handled with large tongs and heavy asbestos 
gloves were worn. 

lil. (a) Wiegrebe, W.; Herrmann, E.-G.; Schlunegger, U.P.; 
Budz kiewilez sth Hel view Chams Acta so7 4905737, 301k. 
(Db) eiKanren, bv #Pontmann., P.> Suter, Me). Helv. Chim. 
Actanl943), 177 LGds7- 

Pi2.) BOOUN. sh ork inGieeteaty. se MaSoOmys KaGuerspalinigt CK, “5a: 
Whitehead PyRobeiSte 2D se om Chem seSoewelo59;, (10502 

113. Conditions described in ref. 58a. 

114. Conditions are similar to those described in ref. 
54. 

5m. (a)® Sommer, Ha Barley, eDtLerrGoldberg A'GiMs; 
BUCK AICTE. fj Bye, “Ti. Sievaevans, EJ. sawnEtmore jai ce. 
Uieeams Chem sOc 19547757 Ge 6 N3 : (DyetOCtolenghis, A. 
Freidkin, Me; eZilkha, aA. ’Gans J. iChem. 61.9637 VAL RI2977 . 

116. Hodgson; *Golar McSweeney, sper. Money. jel. .2.Chem. 
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Deprotection method: “Corey, Hides Gras, Je-b.? 
Ulrich, P. Tetrahedron Lett. 1976, 809. 

VOGel, Als, mupracer Cal Organic GnemiLScry” -5rda kd... 
Longmans) Gueenmandeco..: LOnAON, L050) D.8544.. 
Wanagita, M-; Yamakawa, K. J.vOrgs Cnem. 19577) 225 
PVM 

When reactions were carried out on a different scale, 
amounts of reagents, volume of solvents and quench- 
ing agents were changed accordingly. 

Burgstanler 2A. W. 7. Nordin) (Caso. eAM. Chemsoc. 
Ie See ANS 

Horn the preparation and characterization of) 1,2 
adducts see p. 141. 

TreatmentOf fasmixture sore (22a) sands (525) maccording 
Loprer. lic resulted ingrapid hydrolysissone(a2a)y 
followed by precipitation of the required 2,4-DNP. 
Subsequently this quenching procedure was found 
unsatisfactory and in the other cases acetic acid 
was employed, resulting in higher yields. 

The following signals were compared: olefinic 


2 Hz) and methine 


Signa leO foe (50a) Jaros 6.0 97arc, an, 
Si gnaleorm (> Ob) miCOg 4145 apc UO 4 az 
Crandall, sa. We eoan ko uD eb eeeCOLVerS R.A a. (Watkins 


R.J.7 Arrington, J.P. (do. Org. (Chem. 91968 7337, 3423. 
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